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CXL. A DEFICIENCY DISORDER INDUCED IN 
SUCKLING YOUNG RATS BRED ON A PURIFIED 
SYNTHETIC DIET WITH “GLAXO CASEIN” 
(CASEINOGEN) AS SOLE SOURCE 
OF PROTEIN. 

By LESLIE WILLIAM SLIPSON. 

From the Biochemical Laboratory, Cambridge. 

[Received June 27th, 1933.) 

In a former communication [Mapson, 1932] the stimulating effect on growth of 
small amounts of mammalian liver fed as supplement to a purified basal sTOtlietic 
diet contannng all hitherto known dietary principles was demonstrated!! It was 
shown that young ra,ts_when transferred from the stock diet to the svnthetio 
ration and fed m addition on small amounts of fresh ox-liver showed a greatly 
accelerated growth over control animals. Evidence was submitted of the non- 
identity of this growth-promoting factor with any of the better-known vitamins. 
This growth-promoting principle was provisionally named physsin. Durino- the 
course of this work the anomalous behaviour of a small number of litter.? was 
observed. 

Tlie addition of small ainounts of liver to tiie diet foiled to give tiie iisnal 
acceleiaition in giowi^li seen in tlie majority of the litters. TJiese variable results 
weie in contiadistinction to tlie very uniform and consistent resj^onses obtained 
when liver was fed not dkectly to the offspri^^g but by transmission from the 
parent animal. 

These results were explicable on the assumption of a seasonal variation in. the 
content of physin in the stock dietary. This' assumption was supported by the 
fact ^ that ^ control offspring from, litters shomng little or no effect of tlieliver 
feeding displayed an absolute growth rate of a higher magnitude than that of 
control animals from litters in which the acceleration effect of the liver feeding 
was apparent. Moreover , the growth rate of control animals in the first group 
was approximately the growth rate given by the liver-fed offspring of the second 
group. 

An attempt has been made in the more recent work to eliminate as far as 
possible the effect of a stock dietary and to render the. young animals more 
uniformly deficient in this growth-promoting factor. The further possibility had 
to be borne in mind that the actual s}nithetic diet originally used wa^s not 
entirely deficient in ph^T-sin. The existence of such a dietary principle had been 
demonstrated in the former work merely b}^ its stimulating effect on growth, it 
was hoped by using a completely deficient diet, that .animals might show definite 
pathological s^nnptoms of such a deficiency. 

With the latter consideration in mind the synthetic diet used in the former 
work 'has been modified in various respects. The results of these experiments 
here recorded indicate in a striking manner the nutritional diflbrences existing 
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between various caseinogen preparations. A definite deficiency disorder lias been 
disclosed by a modification of the original synthetic diet by the substitution of a 
different brand of caseinogen in the ration. 

This deficiency has been cured by the addition of active curative extracts 
containing physin to the basal ration. 


Experimental. 

It was considered that even though modifications of the former synthetic 
diet might not 3field a ration entirely deficient in physin, and might therefore 
still sustain some growth in the young animal, such low physin- containing diets 
might yet be inadequate for normal breeding and lactation. Hence offspring 
from such parents might be expected to be relatively more deficient in physin 
and more uniform in this deficiency than experimental animals derived directly 
from the stock diet used in this laboratory. 

The experimental procedure has thus been to breed animals on modifications 
of the original basal diet, and a twofold study of the lactating powers of the 
females and growth rate of the offspring on such diets has been attempted. 

All the animals used "were black and white rats from the stock strain bred 
in this laboratory. The young animals were separated at weaning from the stock 

diet at an age of approximately 4—5 weeks. Their weight at this age ranged from 
40 to 60 g. to to 

At this stage they were placed on the synthetiG basal ration. AH the synthetic 
diets were fed ad libikim. 

Some 16-20 weeks were allowed to elapse before mating of the animals 
occurred. During gestation and lactation only the s^mthetic diets were used. 

The principal modification of the original sjnithetic diet has been the sub- 
stitution of Glaxo casein''^ (caseinogen) for “light white casein B.D.H.'’’ (Na 
caseinate). The composition of the synthetic diets used is shown in Table I. 


Table I. Co7n2Wsition of diets {2mrts by lot,). 


Diet 

Protein 

E 

E' 

B 

P 

Glaxo casein” 





23 

‘‘Light white casein” 

23 

23 

23 


Rice starch 

40 

40 

46 

40 

Sugar 

17 

17 

17 

17 

Arachis oil 

15 

15 

15 

15 

Wheat embryo 

8 

8 

2 

8 

Dried yeast 

8 

8 

8 

8 

Cod-liver oil 

2-5 

2*5 

2-5 

2*5 

Salt mixture 

5 

5 

5 

5 

1 mg. 

Manganese sulphate 
(anhydrous) 

1 mg. 

10 mg. 

1 mg. 


Cod-liver oil was incorporated in the basal diets. The diets were made up 
only in small quantities at a time so as to obviate any possibility of deterioration 
of any of the vitamins included. 

The stock diet used in this laboratory consists essentially of mixed corn, 
wheat embiyo, dried yeast, bread and fresh milk daily. The salt mixture used 
in the synthetic diets was a modification of that used by Osborne and Mendel; 
the complete composition was given in the former communication [Mapson, 
1932]. 
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Breeding on Diet B. 

The general results with breeding on the original synthetic diet (Diet E) have 
been described fully in the former publication. Failure of lactation is common in 
from 50 to 70 % of the cases studied. This failure occurs at the very outset of 
the lactation period. The parents neglect their offspring from birth, and in 
many cases they kill and eat them. Out of some 60 htters bred on this diet 
no single case is on record in which the mother started to feed her offspring 
and then eventually failed to rear them. Those litters in which suckhiig was 
commenced were completely successful during all the later stages. The young 
weaned on this diet exhibited an exceptionally good grovdh rate. No patho- 
logical symptoms were seen in any of the litters in which suckling was 
commenced by the parent. The average weights of the offspring on this 
diet were: 1st week, 12-14 g.; 14 days, 23-26 g.; 21 days, 35 g.; 28 days, 
45-50 g. 


8%ibstitution of ''light white casein'' by "Glaxo casein." Diet F. 

This diet differed from Diet E only in the substitution of ‘'Glaxo casein'' 
(caseiiiogeii) for “light white casein B.D.H.” (Na caseinate). Breeding occurred 
as ill Diet E and here again a large percentage of cases showed the typical 
immediate failure of suckhng at birth. At this point, however, the resemblance 
between the two diets ceased, for of the mothers which succeeded in starting to 
feed their young only a small percentage were successful in rearmg any of them 
offspring. With these latter litters suckling was successful up to a period varying 
from 14 to 28 days, when the offspring, very much undersized in weight compared 
to offspring bred on Diet E, showed a definite failure to grow. The onset of 
the symptoms in a few cases was delayed until after weaning, but in, the 
majority of cases definite pathological symptoms were evident at approximately 
the 24th day. The baby animals developed sparse greasy coats, looked weak and 
were seen to have less than normal activity. The occurrence of these symptoms 
was followed rapidly by the appearance of exhaustion, and finally death ensued 
within a few hours' In many of the litters before this extreme condition was 
reached, a vitamin deficiency behaviour was shown by the more lively animals, 
these attaching themselves to their more moribund companions and frequently 

eating their entire viscera. . . „ 

Post mortem examination of the young rats showed no macroscopic signs ot 
pathological change or of infection in any of the organs, except for the extra- 
ordinary absence of fat anywhere in the body. i i , 

To all outward appearances, in those litters in which the symptoms developed 
prior to weaning, the mother continued suckling her young right up to the stage 

In the case of a small number of the htters studied some of the youn,^^o - 
spring survived without addition of any supplement to the basal ration. That 
the svnthetie Diet T is not completely deficient m this prmciple seems ;^ssible 

rats saved from death by the feedhrg of eftective 
supplements were, after some 10-15 days, able to maintam themselves and grow 
o/the basal diet alone. The explanation adopted here is that the basal ration T 
though adequate for normal requirements durmg growth, is m^Jjate for the 
needs of the lactating female, and that tins dehcienoy is reflected m the oli- 
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Administmtion of active curative supplements. 

To many of the offspring from these litters, effective supplements have been 
given ; these experiments have been as yet only of a preliminary nature. 

The following supplements when added to the basal diet or fed directly to 
the young offspring have had a curative effect. 

(1) Substitution for the “Glaxo casein” in the basal diet of “Ight white 
casein” has resulted in complete recovery of 15 animals from three different 
litters, control animals still maintained on the basal Diet F eventually dying. 
The rats from these three litters had been weaned at 28 days and segregated 
into two groups, the two groups being placed on Diets E and F. These results are 
indicated in Figs. 1 and 2. 



Mg. 1. Representative growth curves of control offspring maintained on Diet F. 

Weaned from parent 28 days old. x denotes death. 

Fig. 2. Representative growth curves of offspring from the same litters, in which 
“light white casein” replaced “Glaxo casein” in Diet F at weaning. 

(2) Extraction of the “'light white casein” three times with cold 90 % 
acetone failed to remove the whole of the factor present in the protein. But the 
rate of recovery of the experimental animals when such extracted “casein” 
replaced the ''Glaxo casein” -in the diet, as indicated by gain in weight and 
disappearance of the sj)arsedooldng fur, was much delayed. 

(3) Administration of the 90 % acetone extract from “light white casein” 
resulted in two cases in the recovery of the young, control animals dying on 
being kept on the basal ration alone. 

(4) Decidedly beneficial results have also been obtained by the feeding of a 
physin^extract prepared from ox-hver. This extract represents material extracted 
from liver soluble in 90 % alcohol and 90 % acetone and was prepared as 
follows. Fresh ox-liver was minced and acidified to a pj^ of 5-0, and, the cells 
were broken down by means of rapid digestion by papain, ilfter digestion an 
aqueous extract was made. Alcohol was added to a concentration of 90 % , the 
filtrate concentrated in vacuo at 40° and the residue dissolved in water. Acetone 
was then added to a concentration of 90 % . This precipitates further material. 
Approximately 380 mg. of acetone-soluble material are obtained from 100 g. 
fresh weight of liver. This material was fed in doses equivalent to 1—2 g. of 
original liver. A decided improvement was apparent in the animals receiving 
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^1,^0 =niiTilemeiit the outward indication of which was a rapid recovery and 
vain i/weight, and complete disappearance of all sparse-looking fur. ea 
foUowed in control animals not receiving the supplement (Fig. 3 ). 



X denotes death. 

Modifications of the synthetic diet. 

(a) Manganese. As m 

sufacieney of a diet ® J tL^content of inorganic manganese has been 

';S“S coi^Sio. of fie d..f -h 


Diet of mother from weaning 
Diet of offspring 
No. of litters on experimental 
diet 

Litters of mothers sho-snng 
immediate lactation failure 
at birth 

Litters suckled, at birth 
Litters successfully weaned 
Total no. of rats horn 
Total no. of rats horn whose 
mothers commenced reed- 
ing at birth 

Total no. of rats alive at 
14 days 

Total no. of rats alive at 
28 days 

Total no. of rats alive at 
5-0 weeks 


Table II. 


E' 

E 

D 

E' 

E 

B 

21 

30 

16 

11 

13 

10 

10 

17 

6 

10 

17 

6 

155 

224 

124 



41 

68 



66 

120 

40 

66 

118 

40 

65 

118 

40 

partially 

successful. 



F 

F 

25 


14 


11 

None’*' 

189 

93 


87 


43 

10 
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an increase oHnorganic manganese to approximately 0-01 % of the ration. No 
significant differences, however, were noted using this diet. 

(b) Wheat embryo. The composition of Diets E and P reveals their large 
content of wheat embryo : this had been included to provide an adequate supply 
of the vitamin B complex. It was thought possible that such a synthetic' diet 
mighty well possess too 'high a standard of vitamin E, leading to a disturbance of 
lactation, and might thus be the explanation of the large number of mothers 
who failed to commence feeding their offspring. Accordingly the wdieat embryo 
has been reduced in Diet B to 2 %, just sufficient to ensure an adequate 
suppfy of vitamin E. The results of breeding experiments on this diet have, 
however, still revealed the immediate failure of lactation at birth, and in general 
no significant difference was apparent between Diets B and E. The general 
results recorded in this paper are given in Table II. 


Discussion. 

Comparison ivith deficiencies previously noted. 

The results recorded in this paper bring out in striking contrast the nutritional 
differences between Glaxo casein’’ (caseiiiogen) and ‘^ffiglitwMte casein B.D.H.” 
(Na casemate). Certain differences have been noted before. 

Coward etal. [1929] demonstrated the possibility of the existence of a new 
dietary principle necessary for the continued growth of the rat. Their basal 
ration was, however, deficient in vitamin E, and this objection might be raised 
m connection with their work. They found their growth factor to be present in 
^ light white casein ’ and absent from Glaxo casein.” Thev also demonstrated 
its presence in other natural foods, e.g. ox-liver, milk, wheat germ. They con- 
cluded that, although possessing many properties suggestive of vitamin E, it 
was not vitamin E on account of its different distribution and more unstable 
nature. The experiments recorded here indicate quite conclusively that the 
deficiency studied here is not due to any lack of vitamin E. 

Palmer and Kennedy [1927, 1, 2] came to the conclusion, as a result of work 
on synthetic diets, that a further dietary principle existed which was not 
identical with vitamms^A, B, 0, D or E. They were unable to obtain normal 
growth on a syithetic diet of a highly purified caseinogen, butter-fat, agar-agar 
and an alcoholic extract of fat-free wheat embryo. Much better growth was 
obtamed if a commercial caseinogen was used instead of highly purified cas- 
emogen. The rats failed in growth and developed symptoms closely allied to 
those noted in the present work. They found that alcoholic extracts of wheat 
embryo stimulated the growth rate. The main objection to their work lies in 
the_ possibility of their diet being deficient in vitamin B 2 , since their wheat 
embryo extract which formed the sole source of the vitamin B complex was 
obtained by use of high alcoholic concentrations, 85-95 % . 

• observations^ of Palmer and Kennedy and of Coward et al, however, 

indicated the possibility of the existence of a further dietary principle necessary 
^ or normal growth. The results recorded in the present work have indicated the 
inadequacy of a s^uithetic diet, complete according to established criteria, for 
normal lactation and growth of the offspring. This deficiency is not due to 
vitamin E. lhat the deficiency is not due to a lack of the vitamin E complex is 
shown by the fact tliat^many of the active supplements effecting a cure are 
completely deficient in vitamins B^ and Bg, e,g. “light white casein,” or extracts 
rom tins. Moreover, a diet such as Diet B employed here, in which the con- 
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+1, P vitamin B complex is smaUer than that of either Diets E or F, 
yi»g fte B reqniiemente 1...U to growth .nd 

lactation. Inadequate protein. 

The nossibUity had to be considered that the deficiency studied here might be 

The posbim J . c. casein” as a source of protein. It might 

due to of the animals described above may have been due 

be argued that the ciearn^oi casein” caused bv its method of 

,1) to »me inheront “Xs p“toi„ ,iich ujo.r the 

manufacture, (*t) lonfntinn and which may be passed to tbe oftspimg. 

maternal Dir“w S being promoted, but 

Experiments to throw luirnei npa-itive these views. Rats taken 

the following considerations woul s ^ o ^ ^ j,gts placed on 

from the stock animals' breeding 

Diet E. Moreover, addition of hver » ti«ncv symptoms deseribed above. 

St co,& he obtained if '“Glaxo e.«i„“ 

sneered from some J „ S’£ may contain small traces of a toxic 

Tt is conceivable that the uiavo pi c. . i _ biiiirioiis to the 

constituent, due to its Theevidence 

revY young , viewpoint. Until more positive 

ZrcZfZStiiShK « ~e re— le to adopt die 
deficiency hypothesis outlined m this papei. 

Possible identity with the Cotvard factor. 

oftSo"— pZ— " 

are not identical. . o rmbhcation, causes an acceleration of 

Physin, as has been slio^ in a foi ^ used 

growth in young rats maintaine believed, should he entirely 

b;. CO" 

“?r£«ZS res— 5 — u„ ie a i-atio, otherwise 

deficient in this factor stimulation of arowth obtained in the previous 

It is thus conceivable that the s^^“™br mav have intensified the growth 

work by the addition to the basa r^of^^ . , • . 

rate because of a “^re adequate OTppY J contaimng physm is 

It has been shown in this paper that an acx Preliminary stages m 

effective in curing the deficiency ^y^Pj^fJ^^^hibmtV hi such solvents as 90 % 

Se fractionation rfphyshi^^^^^^ with the reported 

alcohol, 97 % alcohol, 90 “/o reported by Cowaml aj. 

solubUities of the ™|eiUe miswer to this question must be left 

These results are suggestive, but a delimt ^ ^ 

ThHirtoy cause of the S it'^if nordue to simple 

earlier communications has stiE to ® _ Whether it muj be looked upon as 

morganic manganese deficiency to be determiner. . 

an acute form of physm 
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In further^ work on this proMem the ability of the rat to store the growth- 
pi omoting principle naust be taken into accomit. The evidence at present to 
liarid suggests that this ability may be considerable. Recent work in progress 
indicates that young rats weaned from the stock dietary used in this laboratory 
mh g^row well up to weights approximating to 200 g. on diets deficient in this 

Ctf equal importance in this respect is the nature of the stock dietary from 
which the experimental animals are derived. The inability to reproduce identical 
results under apparently the same external conditions may ivell be traced to 
these causes. 

SiJMMAEY. 

1. The results of breeding rats on several different synthetic diets have been 
recorded. 

, ^ deficiency disease apparent in the suckling young of rats receiving 

Waxo casern as their source of protein has been described. Failure of growth 
loss 01 fur and eventually death ai-e the typical symptoms observed. 

3. Nutritional differences influencing the deficiency disease have been shovm 
to exist between Glaxo casein” and “light white casein B.D.H.” 

4. Active extracts containing both physin and the Coward factor have been 
shown to cure this deficieiicv. 

5. The possible identit}^ of physm with the Coward factor is discussed. 

I msh to express my thanks to Sk F. G. Hopkins and Dr L. J. Harris for 
Sitlmlifima? assistance 
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CXLI. THE TECHNIQUE OF GLASS ELECTRODE 
MEASUREMENTS. 


By benjamin STANLEY PLATTi and SYLVIA DICKINSON. 

From the School of Medicine, the University of Leeds. 

{Received June 28th^ 19S3,) 

In the course of an investigation into the value of the glass electrode as a means 
of making contmuous records of the hydrogen ion concentration ot cu’culating 
blood, it was found, in the preliminary experiments in which estimations 
made on single samples, that there were several sources of serious error. The 
difficulties encountered in devising a satisfactory apparatus for measurmg g ass 
c^potentials have been overcome, and a suitable form of thermimiic vali e 
electrometer has been evolved [Platt and Winfield, 1933]. The present paper is 
Semed iitt techmcal details ,hich must be c.rfully o«».dered befo., 
accurate results can be obtained consistently. 


Description of the apparatus. 

The glass cell s^m “f 

d »d?"»risra s.d.,ncc. btidge, .. 




1 Beit Memorial Eesearcli Fellow^ 
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arrangement (see inset Fig. 1) is a set of 3 three-waj’- taps, the limbs at 120“ with 
V-shaped bores. These are substituted for B and D, the third interrupting the 
bridge so that the liquid-liquid junction may he made at D and preserved 
undisturbed in subsequent manipulations at B. 

The procedure adopted was as follows. With tap G closed, tap B in the 
position shown and D in the correspondmg position, the cHp on the rubber 
tubing at B was opened and the bore of D flushed vrith 0-1 A HCl-quinh5Tli’one 
solution. Tap G was then opened, and the j>otassium chloride solution was 
washed through the bore of D as it was rotated in a clockwise direction for the 
formation of the liquid-liquid junction to the position show in the diagram. The 
electrode vessel was filled through tap .4 from a Eecord svrhige attached by 
narrow rubber tubing. The liquid-hquid junction was made in the same maimer 
as at D, tap C being turned off when measurements were made. In this system 
it was found convenient, whilst making the junction at B, to maintam that at D 
by turning the latter tlirough turn. The alteration of potential caused by 
this procedure was smaU— not greater than 0-5 mv.— and the original value was 
rapidly resumed. 

The potential in the system was measured by the valve electrometer in 
conjunction with a small box type movmg-coil galvanometer (Tmsley and Co.) 
and a shde-wire potentiometer (Cambridge Instrument Co.). Diffm-enees of 
0-0001 volt were readily and rapidly detected using membranes of 20 to ‘>00 
megohms resistance. The electrometric system had a stable zero. The grid current 

nowiiifif throiiffli the nf f.hA /Tt-P lA— 15 ..l* •! i r* n 


flovmig through the cell was of the order of lO-i^ amp., giving a negligible faU 
of potential across the membrane. No appreciable current was taken from the 
cell, and the risk of polarisation of the membrane Avhen the input circuit was out 
of balance was eliminated by means of a special switching device. 

The glass cell system must be completely screened and the screen of this 
and the electrometer system earthed at a common point. The lead from the 
glass electrode was air-msulated as far as possible; for the rest, high grade 
heavily insulated flexible leads screened by flexible copper tubing w^ere used If 
the insulation of the cell is inadequate, the electrical leak may act as a shunt for 
iQoift polarisation of the membrane [Maclimes and Belcher, 

to occur if the resistance of the membrane is high The 
efficiency of screening and insulation was proved at intervals by determiiiing the 
'.M.F of a standard cell m series with a high resistance. a‘1ow reading w-as 
usuaUy indicative of inadequate insulation, whilst defects in screening gave rise 
to irregular deflections of the galvanometer image when the standard'cell and 
resistance were thrown mto the input circuit. 

Details oe expeeimbntal technique. 

The selection, preparation and properties of the glass membrane. 

abihty of a glass membrane to function as a perfect hydrogen electrode 
pends essentially on the chemical composition of the glass“ There is General 
apeement that a clear soft soda-lime glass, free as far as possible fr om Stash 
alumina and 1mrp;es, gives the best results [Hughes, 1928], The stock used was 
supphed by the Corning Glass Co., New York (No. 015) and has the Xmrcal 
compsition-SiO, 72o/o, CaO 6%, Na,0 2^/„ by weigh AceordSrS 

potmtial and only a small error m alkaline solutions (0-1 A NaOH). ^ 

he membrane may be a thin bulb in a simple or modified form • a thin 
membrane (about 0-001 „m.) at the end of a giaea tube, a, i« tlTM^Sme* S 
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Dole 119291 type, or a capillary may be used [Youden and Dobroscky, 193 . , 
Voeo'ffin and Kahler, 1932], We have had considerable success with the simple 
bulb tvne which is easy to make and manipulate. The method followed is 
esseiitiallv that described by Voegthn, de Eds and Kahler [1930], except that 
only a smaU portion of special glass is used. This is fosed to a supporting tuoe 
of ordinary soft glass and is then drawn out to a capdlary which is broken oi. 
about 1 cm. from the shoulder formed. The glass of the capillary is melted ir a 
‘micro-burner hito a centraUy placed globule from which the ' 

Prolono-ed manipulation in the flame should be avoided, as devitrification a.. . 
aniieahiig impair the iiroperties of the glass for electrode purposes. . ^ 

The supportmg tube is not made of the glass 015, since, according to Macinnc s 
and Dole 11930], 7 x 10-’-*' equivalent of base is given off from this glass poi- 
so mm of surface in 24 hours. The composition of the glass used for shaii .s 
usually such that its hydrogen electrode function is ^ 

desirable that there should be no appreciable current flow across it. Membi . ^ 
of ‘minimum thickness are therefore used in conjunction with ^ 

supportmg tubes of low conductivity glass [Macinnes and Belcher, 19dx,. 
Delation currents, occurring with thick membranes and varying m amom. 

to the niute of the hoid oo the two site o the ^e^eg “d 
area of the surfaces involved, are described by Kahler and de Eds [1931J ike. c 
authors suo-(^est that a guard ring may be used for the electrode if the shai ^ 
^OTt and wet. Reference has been made above to the danpr of polarisation oi 
the membrane due to leakage current, especially if thick membianes _ 
use. We have, however, had no trouble with the supportmg tube when this -s 
dried and nainted with hot high melting-point paraffin wax. ^ 

ShodE to,md to bf of toifUe teist.te „d, with proper treatment, have 
''"'mrvXEnhESt.n.e of the membrane may be Mqnired, eepe.i.ily 

it the tei^ of the po^m.ii.1 — 

^EE~m;ter wL a 

the membrane when it is set up for taking ^ ^ .^aried from of! to 

value of the resistance of the ^g^allv obtained with tlm 

150 megohms and was generally hig diameter) were used. It 

glass 015, since quite smaU bulbs {f PP™™*^J^,Ii^es^and Belcher [1931] for 
ts noteworthy that the values f stained by Macinnes a^^^ 

the A.c. resistance of glass membranes J . (jjggrenee is, no doubt, 

proportional to, the j^t ofs 

‘-tetE -Err "r“E»te faut conaidorah.y 

The SEESriEly foVsever^ honra 

soaking d • loam The membrane should not be treated v. -tl. 

[Eosbinder and Schoonover, IP^Oj- ^.f electrolytes. It should not he allowed 
strong alkahs or concentrated so u lo ^ hydrogen electrode function on 

to dry after preparation, smee it depends for its hydiogen 
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[Maclnnes and Belcher, 1931 ; Dole jqsi 
1932, Ssokolof and Passynsky, 1932], We found that the membrane mav be 
cleaned with alcohol and ether [Stadie et al., 1931] thouo'h Dubois noioi ? 4 .^^ 
Lt this p^oednre tote td stability ohto S 
the membrane with grease or paraffin should be sedulously avoided 

he terms zero correction, glass strain or asymmetry potential have bPAn 
ajiplied to the potential in the glass obtained when the solution i« +iio 
both tides of the membtaoe. This entity is of impottn ° Snoe ta w ^ 
hkely to vary frequently juid eonsiderablv. Eyei7when niino a snitibf ’ 
large and variable asymmetry potentials max- follt^ I r 
chemical treatment. We have confirmed the finkms of 
[1931] that potentials may occur ai^Tpersit whS fu Maclagan 

in the input circuit of the eleetroS tS j 2 Mh I ff-l. 

vary accordino' fn i-h^ -t-i i x* i potential liat, been sliovni to 

de Eds IPslh ' membrane [Kahler and 

Preparation of half -cells. 

here u««i the’SSS ^^'’ «>' Wo 


0-1 F HCl- 
quiiiliydrone 


Glass 

membrane 


Unknown 

solution 

A 

Pill 


3-5 31 
IvCl 


O-liX^HCI- 

qiiinliydrone 


plaSm^'^Tat^e?/co^^^^ heavy gauge 

of glass tubing of convenient siz^^ ^is’e Platimim into a piece 

hot electrode is cov^eTSh TeatS ! T 7 ° ^ satisfactory seal if the 

slowly. The seal cTn be Wa,! , t then allowed to cool 

allowing to cool, when the presence of electrode in boihng water and 

the entrance of water into the fflass f u b‘ ^°ri mcomplete fusion is shown by 
up to 125° ill chromic acid eleanino- ^Ihe platmum was cleaned by heating 

tap-water, then with distiUed water and kS hi oTv^Sn 

etal, 1931]. 0-lrVHCI kent at SS° wto ^ tdl required [Morgan 

the excess removed by filtration nitrom^ ed with quinbydrone (B.D.H.) and 

intervals. Biilmann Id Jensen [^927] fecommeSoof T 

(M g. per 100 co.), i.e. about one thirJ Ta f 1 ® ‘l^hydrone solution 

per 100 cc. at 18°). ^ amount required for saturation (3-5 g. 

prepare anl using matched pitting ele 7*^ d half-cells are easy to 

potentials differing by less^than 0 - 00001 ^°^ p’ 

Morgan 19311 rnr>-»no i- r 0 00001 volt [Biiimanii and Jensen 19‘'>7“ 

exhibit thftouir be used. They do n^ 

found with calomel half-eeUs change in temperature 

however, be obtained at 38 ° if * Y^lues for qumhydrone half-cells may 
venient to hav^rtt present svSr ^loreover,^!: 

but, though these are matched initiaUv w opposing half-cells; 

place, possibly due to alkali from the^lass ffi tbJ^* ^ u 

larger, half-cell. If however fbo a 1 i ® ™ smaller, or to oxidation hi the 

buffer solution of known n„ ’ this chL^e^D^^ standardised at intervals against a 
in preference to a 0-1 AT Hcfis used 

solution, smce Lammert and Morgan [1932] have shown 
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that qiiiiiliydrone electrode potentials are not nearly so accurately reproducible 
in solutions of other electrolytes as in 0*1 A HCl. It is an advantage too to have 
a solution of simple ionic composition in apposition to the membrane. 

Liquid-liquid junction ‘potentials. 

All iiiij)ortant consideration arising out of the use of 0*1 A HCl is that a 
significant junction potential is introduced hi the cell chain at 6. The values 
given for the potential at this junction vary, according to different authors, 
from 2 to 5 mv. Gross discrepancies are recorded in the junction potential, when 
such methods as saturated potassium chloride-agar bridges, narrow tubes or 
ground glass capped tubes are used in making the junctions [Maclagan, 1929]. 
There is a significant time change in the value of the junction potential which 
ma}?' vary considerably and hiconsistently if these methods are adopted. 
Maclagan [1929] has shown that it is preferable to form the junction inside tubes 
not less than 3 mm. in diameter, thus conforming to the condition of cylindrical 
symmetry investigated by Guggenheim [1930]. Ferguson eb al. [1932] claim to 
have reproduced in wide-bore taps a KCl-HGl junction to 0-1 mv., remaining 
constant over long periods to i 0*04 mv. We have confirmed the finding of 
‘ Maclagan, but find it inconvenient on account of difficulties with temperature 
control to use the method he recommends. The junctions were therefore made as 
described above in taps and tubes of internal diameter not less than 3 mm. In 
view of the time change of the junction potential at b, 6 to 10 mins, must be 
allowed for the attainment of a steady value, in order that accurate and repro- 
ducible results may be obtained. For the purposes of calculation it is assumed 
that the potential at a when the of solution A is greater than 3 is always 
small and is the same within the limits of experimental error [MchaeHs, 1926]. 

Standardisaiion of the cell system. 

The discrepancies found in the values assigned to reference standards used 
ill the measurement of pu are such that, whilst small differences of pjj can be de- 
tected with considerable accuracy, absolute measurements cannot be established 
to less than 0*01 Pn [Clark, 1928]. The method w^e have used for standardisation 
of the glass electrode is based on the following considerations. If the membrane 
functions as a hydrogen electrode within the range of covered in our experi- 
ments, then the potential difference betw^^een the two sides of the membrane, 
when solutions of pHi ^iid pHa either side, is given by 

^ OHi - 

where B is the gas constant, T the absolute temperature, _ and F the faraday. 

The total e.m.f. (E) of the cell chain represented above is the algebraic sum 
of E,,,, the glass potential (E,), the liquid-hquid junction potentials at a and b 
and the difference, if any, between the potentials of the two half-cells. It the 
sum of the latter three factors be represented by e, then 

^ = JS/«±e = ^(pHt-i3H.)±e ■ 

is constant and is taken as 1-08 [Clark, 1928]. ps. varies according to the 

solution in the electrode vessel. 
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MT 

'y'PKi ± e 


E, IS referred to as the ceU constant; substituting in equation (2) 

p 

.... (4) 

values for the^eU conSant are oTtein^ ^^e fulfiUed if identical 

solutions of known p„ value The bu£r TTf^ Pliosptate buffer 

»„rdtog .0 the s7ivn<;r r*'"-'' 

the refrigerator in waxed bottles D?otecf-Pff ' [10-4], The,? were kept in 

found that the differences ofn„ as measured contaimnation by COa- We 

the limits of experimental error with the values o-it^ ‘^^efa’ode agreed within 
for thepg of these buffers. When the value of J" ha and Sendroy 

Pb^, of an unknown solution introduced into the e^ f the value, 
for, if the potential of the systernrl 2° timf 




Jj' 

The value of is best determined bv nsmo- hi-,fr t j.- 
composition similar to those of the unknowmsoS reaction and 

standardised carefuUy at frequent intervar TJf ceU system should be 

also have observed, that forVaZ l Z '’ ®*^die ei al [19311 

When 0-liV HCI irnut Ltr/hf . ^Iter. ^ •' 

E^ = 0. The E.M.F. measured when the°s ^ ■''^®®sel in place of solution A, then 

^fcted directly to this sohitionmthouttL iW^ quinli.ydrone half-cell is con- 

that the two half cellsVaT^ the KCl bridge is the 
the KCl bridge is introduced, the behaviour of hlSi iT 
studied When the junctions are made simultaneoSlt^? junction may be 
they should give equal and opposins noteni-TalQ +u ™ ^ similar manner 

agam a measure of the strainlltentlrSl S of the system being 

investigated by remaking one SS Sterl? *1^0 junction can he 

a steady value. Junctions ^ attain 

change of less than 0-5 mv., which was usiiallt^ method a 

Because of the doubt as to the absolute vni ^oinplete within 5 mmutes. 
junction, it is impracticable in makmo- accurafl^ O-lWHGl-3-5 Jf KCl 

value of 0 .ud ,Wf„„ to obtoi. . va„eT;l“CTSto„r“‘"'‘' 


E^±e = ^^- . 


1-08). 


rp, 

.0 srutem must aerefore be stad.rdieed as described above, 
n. of temporaiure m ,1m. ikclroik poteM 

of air-bath; others, SisbLdertnd ScT’ ^’orkers have used 

1931] and Dubois [1932], have used somffoImoftTT!/^^^^^^ Stadie et al. 

system. A copper water- jacketed air bath ™ P^.^^-fo^-hath around part of the 
early experiments. Subsequently, on acl^unt^T^ '^^od in on? 

opemng the door of the thermostat, th's was fluctuations on 

’ ® “ a constant temperature 
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room at 35-36'^. xAppreciable temperature variations still occurred during 
manipulations, giving rise to unreliable potential measurements. Better results 
have been obtained by using a large completely screened cabinet (3 ft. x 4 ft. 
6 ill. X 6 ft.) built of zinc-covered plywood on a welded iron frame. The cabinet 
was electrically heated by screened elements controlled by a long tubular 
mercury-toluene regulator and a relay, the air being mixed by a fan driven by a 
motor fixed outside the cabinet. Operations were carried out inside the cabinet, 
e.g. the removal of blood from an arm thrust through a heat-insulated opening 
ill the wall, or the cell system could be manipulated from the outside through 
tivo felted arm-holes. Suitable arrangements were made for lighting, transit, 
ventilation, etc. The electrical recording apparatus was set up outside the 
cabinet and was kept at room temperature, impart from temporary disturbances 
due, for example, to entering the cabinet, it was found that the air temperature 
could be maintained at 38° =b 0-2°, owing, no doubt, to the large capacity and the 
presence of a complete metal lining. The temperature of the potassium chloride 
solution in the reservoir under these conditions was 37° ± 0*1°. 

Solutions kept in the air-bath were always at a lower temperature than 38°. 
It was imperative therefore to avoid surfaces from which cooling might occur. 
Even when the closed glass cell system described above was used, w^e found that 
potential equilibrium w^as only slowly attained (15 to 20 mins.). The initial 
reading for the of a phosphate buffer solution introduced into the electrode 
vessel from a stock kept in the air-bath in a closed vessel gave a value about 
0*02 Ph more acid than that ultimately observed when the system had come to 
equilibrium, ail manipulations being carried out inside the air-bath. Only when 
the solution before introduction was slightly w^armer than 38° were steady 
potential readings obtained immediately. When the temperature was raised still 
further to, say 40°, an apparent acid change was observed. 

Temperature measurements have been made of solutions inside the glass 
ceil and the electrode vessel by means of smaU rapid reading thermometers 
graduated in 0*1° from 34 to 42°. In spite of a constant air-bath temperature of 
38°, the fluid inside the glass cell in one of these experiments eventually re- 
mained steady at 36*8°. Fluids put into the electrode vessel from a stock at 40° 
gave an initial reading of the temperature of the fluid in the glass cell of 37*1°, 
falhng to 36*8° in about 15 mins. Evidence was obtained that a fall in tem- 
perature occurred in the course of transference to the electrode vessel. The time 
taken for temperature equilibration w^as about that required for the attainment 
of potential equilibrium in previous experiments under comparable conditions. 
The apparent acid or alkaline change obtained when, from the e.m.f, measure- 
ments, values for the hydrogen ion concentration were calculated, assuming a 
uniform temperature of 37°, was therefore shown to be due to the temperature 
anomalies. The size of these changes for given solutions can be calculated by 

substitution in the formula E = (Pm- Pm)- Suppose L08 and pHi 

a phosphate buffer solution is 7 ; at 37° then, allowing for a fall of 0*029 pjj in the 
phosphate solution for 18° rise [Hastings and Sendroy, 1924], 

= + 1*2 mv. (=0*02 p^). 

Irregular temperature changes may follow fluctuations in the air-bath tem- 
perature. The components of the system are affected unevenly on account 
of differences in volume of the fluids concerned and the surface area of the 
containing vessels. The total e.m.f. is altered, since, in addition to the factor 
discussed above, the e.m.f. of the half-ceUs may differ by 0*00074 volt for 
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1° difference of temperature [Biilmanii and Jensen, 1927], The time lag of these 
changes in the case of both fall and subsequent rise was found to be considerable. 
The temperature and therefore the e.m.f. of the half-cell ma}’ be direc% affected 
by the solution in the electrode vessel if the fluid immediately siirroiiiiding the 
platinum electrode is hivolved. Repeated washing of the membrane can be 
shown to produce potential variations in the same way. Dubois [1932], however, 
attributes the potential changes after washing to an electrical charge on the 
membrane caused by friction and dielectric absorption. The effect of temperature 
variations on Hquid-liquid junction potentials is uiiHkely to be of practical 
significance in view of the results of Prideaiix [1928]. Experiments have been 
made proving that the drifts of potential w^e described were not due to the time 
change of liquid-liquid junction potentials. 

The foregoing considerations are of importance in relation to the so-called 
‘^'acid change in freshly shed blood described by Havard and Kerridge [1929]. 
Further details of this work on the measurement of the pjj of blood will be 
presented when a method now under investigation for making rapid and accurate 
measurements on small quantities of fluid is fully developed. It may be stated 
here without further comment that the results of Havard and Kerridge can be 
explained on the grounds of inadequate temperature control and that w^e have 
been unable to obtain any evidence of an ‘^acid change’’ in blood of the type 
obtained in their experiments. 

Summary. 

A detailed description is given of the design and construction of a glass 
electrode S37stem. 

^ ^Several possible sources of error are described and discussed, and the con- 
ditions iiecessar}?' for obtaining consistent and accurate results have been in- 
vestigated. 

Careful temperature control is showm to be of considerable iniportaiice. 
Measurements made of the hydrogen ion concentration of buffer solutions 
may show apparent acid and alkaline changes due to temperature variations. 
Reference is made to the importance of these factors in the interpretation of 
the so-called ^'acid change” in blood. 
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CXLIL DETERMINATION OF IODINE 
IN BLOOD. 


By HAROLD JAMES PERKIN. 

From the Department of Medical Research, Banting Institute, 

University of Toronto. 

[Received May 30ih, 1933.) 

The purpose of this investigation was to establish a reliable and accurate method 
for the quantitative detennination of small amounts of iodine. The foUowino- 
procedure has been elaborated. 

A weighed amount of normal whole blood, up to 10 cc., is placed in a nickel 
crucible of 50 ec. capacity, together vdth 2 g. of potassium carbonate (Merck’s 
Blue Label). The crucible is placed directly in an electric muffle furnace heating 
to 500° in 30 minutes. Then the oven is adjusted to maintam this temperature, 
as indicated by a thermometer. Heating is contuiued for 4 hours. The charred 
mass is broken up and finely ground with a spatula, care being taken to retain 
every particle in the crucible. Depending on the amount of ash present, water 
is added to form a pasty mass such as will fall away from the side of the crucible. 
This paste is extracted with 95 % alcohol 4 times, using 7 cc. each time. The 
extracts are passed through a filter paper (Whatman No. 5, 7 cm.), the filtrate 
being caught in a round-bottomed pjuex dish of 30 cc. capacity. This alcoholic 
solution is evaporated to dryness on an electric hot plate layered with asbestos, 
boilmg bemg carefully avoided. The dry residue is now taken up with 1 cc. of 
water and transferred to a tube of diameter 1 cm. and length 2*5 cm., in which 
are placed 10 or 12 small capillary tubes sealed at the upper end. The solution 
is made sfightljr acid with 0-1 N H2SO4, a micro-drop of a saturated aqueous 
solution of methyl orange servmg as an indicator. In order to oxidise the 
potassium iodide to iodate, 4 drops of a freshly prepared aqueous solution of 
bromine are added. The tubes are placed directly in contact with an electric 
hot plate. The capillary tubes ensure regular and" steady boiling. The solution 
IS boiled for 1 minute. 20 seconds after the initiation” of boihng, the yellow 
colour of the bromine disappears. The tubes are immediately placed on ice. 
A small drop (0-02 cc.) of a potassium iodide solution containing approximately 
lOOy of iodine is added. Iodine is liberated to 6 times the amount originally 
present. One drop of starch solution is added and the solution titrated to 
colourless using 0-01 N sodium thiosulphate in a micro-burette. (160 divisions 
of thiosulphate from the micro-burette used were equivalent to l-OSv of original 
iodine.) 

It has been found, using the above method, that blood of rabbits under 
standard laboratory conditions contains 8-00 y of iodine per 100 g. Normal male 
human beings for this region showed blood-iodine contents of 6-50 to 9-OOv 
per 100 g. ^ 

The method is also apphcable to the determination of the iodine content of 
urine and other body fluids. 
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Tlie lack of unanimity of opinion on this subject indicates that a satisfactory 
method had not yet been estabhshed. Two factors are possibly involved: the 
limitations of the methods themselves, and the inability of one investigator to 
interpret accurately and repeat the prescribed technical procedure of another. 
However, it is hoped that this simphfied technique, as detailed above, will 
permit repetition with satisfactory results. 


Discxjssiok. 

The ashing process may be employed either with an acid or alkaline medium. 
Using acidification, the ashing must be carried out in a closed system, which 
makes it very complicated, and for this reason acidification was not used in 
this investigation. Pfeiffer [1928] employed the acidification method, which 
was later modified by Glimm and Isenbruch [1929] and has more recently been 
used by Baumann and Metzger [1932]. 

Von Fellenberg [1923] used the alkalme method, but noted that ashing carried 
out under certain conditions resulted m a loss of iodine. The work of Hojer 
[1928] and of Jochmann [1928] is of considerable importance in that they 
demonstrated the necessity of carrying out the ashing at a constant temperature, 
Scheffer [1930] also showed that the volatihty of iodine in the presence of organic 
material was increased in the absence of alkali. Obviously, the ashing tem- 
perature should not exceed the melting-point of potassium iodide, which for 
the pure substance is 680°. The above observations indicated that in ashing, 
two conditions should be fulfilled: [a) a constant ashing temperature not above 
500°; (6) the presence of excess alkali. As suggested by Scheffer [1930], reported 
by Allot, Dauphinee and Hurtley [1932] and confirmed in this study, organic 
matter containing iodine could be burnt in the presence of potassium carbonate 
without loss of iodine. For the first condition, an electric muffle furnace fitted 
with an adjustable rheostat was found satisfactory. Potassium carbonate was 

used as alkali. ^ i 1 1 i 

Roman [1929] reported that the complete ashing of the blood was not 

necessary for the complete extraction of iodine. The iodine in the carbon- con- 
taining ash is capable of extraction with alcohol, but it needs to be einphasised 
that water must be present for the complete extraction of iodine. Scheffei [1930] 

and Turner [1930] illustrated this experimentally. In the present investigation, 
when absolute alcohol alone was used in extraction, a recovery of only 0. 
was found, whereas with added water complete extraction was obtained, in 
evaporating the alcohol, boihng should be avoided, a point not universa y 

The final estimation of iodine may be carried out colorimetiically or titri 
metricallv. For the colorimetric method the iodine is changed into elemental 
form and then mobilised in chloroform or carbon tetrachloride. Realising the 
limitations of the colorimetric procedure [Turner, 1930], it was considere 

desirable to develop the titrimetric method. 

Chlorine [Veil and Sturm, 1925], potassium permanganate [Roman, 19..9J 
and bromine [Leitch and Henderson, 1926] have been used as agents ^ oxidise 
the iodide to iodate. Any oxidising agent would be suitable, provided that the 
excess could be neutralised or driven off and thus not mterfere with the latei 
stages of the titrimetric procedure. A saturated aqueous solution of bromine was 
found most suitable siuee the excess could readily be removed by boihng. As 
recognised by Reith [1929], the bromine water, to be efficient, must be prepared 
fresUy each day. The time of boiling must be carefuUy regulated, smce excessive 
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boiling leads to a loss of iodine. As reported by Allot, Baupliinee and Hiirtley 
[1932], boiling for longer than 2 minutes involves a loss of iodine. 

It was found that a definite ratio must exist between the iodine of the iodate 
and the potassium iodide added in order to obtain a true starch blue colour. 
This ratio was found to be approximately 1 : 100. Variations from this ratio 
produced a purple-red coloured solution, the colour of which did not alwaj^s 
disappear at the true end-point. This phenoinenon has been described at some 
length by Reitlr [1929] and Allot, Dauphinee and Hurtley [1932]. On this basis, 
a knowledge of the approximate amount of iodine present in an unknown 
material assists in its accurate estimation. 

The sharpness of the end-pomt increases with a correspoiidiiig decrease in 
the volume of the solution and with an increase in concentration of the thio- 
sulphate used in titration. To limit the error involved in the first instance, the 
final volume was arranged not to exceed 1-5 cc. To limit the second factor 
a micro-burette was made from a 300° thermometer, the bore of which was 
uniform throughout its length. The upper end of this burette was bent to form 
an inverted U, the end of which could be immersed in the solution to be titrated. 
The level of the thiosulphate in the burette was controlled by a mercury sac 
containing a screw on the lower end of the burette. 0-01 N sodium thiosulphate 
was used and prepared freshly each day from a 0-1 stock solution. Each 
10 divisions of the burette delivered a volume of 0*321 mm.® A definite blue 
colour could be detected and could be accurately discharged with thiosulphate 
on 0-2y of iodine. One drop of a 1 % starch in saturated sodium chloride 
solution served as an indicator. By these means the titration error was reduced 
to a minimum. Air, bubbhng from a fine tip, was used for stirring, too much 
bubbling being avoided, since it was found to drive ofi: iodine. The point at 
which the blue colour did not return in 15 minutes was considered to be the 
true end-point. 

Blank determinations using 10 cc. of water in place of blood showed con- 
sistent values of 0*2 y iodine, ly of iodine added, as inorganic or organic iodine, 
could be recovered to 96 % . When similar amounts were added to whole blood 
of a known iodine content, they could be recovered to 94 % . Therefore, the 
error of the method was less than 10 % . 

SUMMAEY. 

A modified technique has been devised for the quantitative determination 
of iodine, in quantities such as are present in blood. 

This method has an error of less than 10 % . 

Contamination must be carefully avoided in micro -estimations of iodine. 

Strict adherence to an estabhshed technique is essential. The results secured, 
if not strictly quantitative, are at least comparable. 

I wish to take this opportunity of expressing my gratitude to Br E. J. King 
and Br F. G. Banting for their constructive criticism and helpful suggestions 
during the course of this investigation. 
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Bacteriologists have long used gas or add production from a series of sugars 
for the identification of bacteria. Conversely, there are systems, or partial 
systems, of identification of sugars based on the fermentative" action of different 
organisms [Castellani and Tajdor, 1917; 1919; 1922; Kendall, 1923; Kendall 
and Yoshida, 1923]. 

Prom a qualitative standpoint such reactions may have been satisfactory; 
quantitatively, their application has not been always successful. Early criti- 
cisms of these methods have been made by MacLeod [19211 and Host and 
Hatlehol [1920]. 

Two improvements have, however, rendered sugar estimation by living 
organisms less subject to error. Hiller, Linder and Van Slyke [1925] used a 
large amount (approximately 250 mg.) of baker’s yeast to ferment the sugar 
in 1 cc. of blood, the optimum time of mcubation necessary to produce the 
greatest diminution in reducing power being 20 mins, at 38°. Somogyi [1927] 
washed the yeast until free from reducing substances, prior to its use. Since 
then there have been many variations in the determination of “fermentable 
sugar by yeast, but all depend on the employment of a large amount of washed 
yeast, a small amount of sugar and a short period of incubation. It is possible, 
however, that we may require sharper definitions of the volumes and nature of 
the interacting cells and fluid. Thus Schrumpf [1932] denies the possibility of 
the separation of glucose and galactose by yeast, and suggests that the non- 
fermentable portion of “blood-sugar” is a secondary product of the yeast on 
the glucose. 

Eaymond and Blanco [1928, 1] found that fructose, mannose and sucrose 
are partially removed from solution by baker’s yeast under conditions favourable 
to the complete removal of glucose, whilst galactose, arabinose, xylose and 
dihydroxyacetone are untouched. Harding and Grant [1931] showed that if 
baker’s yeast is acclimatised to ferment galactose, it can then be used to remove 
galactose from solution under conditions analogous to the estimation of glucose 
by the original yeast. Saccharomycea marxianus [Harding, Nicholson and Grant, 
1932-33] which also ferments galactose, has been found useful as an analytical 
reagent for the same sugar; moreover, this yeast does not possess the power 
either to ferment or remove maltose. 

These results make clear the existence of a connection between the fermen- 
tative action of a yeast, and the ability of the same yeast to act as an analytical 
reagent under specified conditions. The present paper shows that the principle 
IS capable of further extension, and it seems within the bounds of possibffity 
that a complete system of analysis of carbohydrate mixtures may ultimately 
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Bg devised. We have been able to analyse a mixture of glucose, fructose, galact- 
ose, maltose, lactose and sucrose within an error of 7%, using the limited 
number of biological reagents as yet available. Such methods of analysis are 
particularly valuable when only small amounts of sugar are available. 

In attempting to extend the use of biological reagents to the quantitative 
removal of sugars from dilute solutions in this mamier, we have turned naturally 
to those yeasts and bacteria which have already proved useful in the qualitative 
detection of sugars. We thus have examined a series of Monilia, species (kindly 
supplied to us by Sir Aldo Castellani) and a number of strains oi Proteus vulgaris. 
From these we have selected a few which seem valuable from our point of view. 

The use of pure strains of organisms becomes a necessity if precise and 
reproducible results are to be obtained. The experience of Harding and Grant 
with galactose-acclimatised baker’s yeast, which shows a variable action towards 
maltose, and the even more variable action towards maltose of Fleischmann’s 
baker’s yeast, as shown in this paper, illustrates this necessity. 

Expbeimental methods. 

Sugars were bought as pure and twice recrystalhsed. Approximate! 0*1 % 
aqueous stock solutions were made, and from these were prepared the various 
mixtures and dilute solutions used in the experiments. The reducing values 
before and after the action of the yeast under examination were determined on 
2-0 cc. of the sugar solution + 2-0 cc. of a modified Shaffer-Somogyi copper 
reagent, heated for 10 mins, in a rapidly boiling water-bath [Harding and 
Selby, 1931; Harding and Downs, 1933]. As far as we know any sensitive 
copper or ferricyanide solution can be used. 

The cultural conditions of the Proteus vulgaris and the Monilia species are 
given under separate headings. Those of Saccharomyces marxianus have already 
been published [Harding, Nicholson and Grant, 1932-33]. 

Fermentation and removal poiver. 

To signify the loss in reducing power suffered by a sugar solution when 
treated with a large excess of a yeast for a short period of time, w^e have in this 
and previous papers used the term “removal.” Hiller, Linder and Van Slyke 
used the term “fermentation.” Benedict [1928] also selected this term, thougli 
so far no evidence has been presented that under the particular conditions of 
the reaction the processes usually designated as alcoholic or acid fermentation 
are actually responsible for the removal of the sugar. Raymond and Blanco 
[1928, 1] used the terms “adsorption” and [1928, 2] “disappearance,” the latter 
term denoting our lack of precise knowledge of this phase of ^mast action. The 
closeness of the connection, however, between fermentative ability and removal 
power can be seen by a comparison of the removal power of the organisms on a 
series of sugars, shown in Table I, and the gas or acid production as sho’wn in 
Footnote to Table I, 

The main lack of correlation between fermentation and removal power is 
with galactose. There is no gas or acid production by M, f inoyi, yet 100 % 
removal is effected. P. vulgaris is inert fermentatively, yet galactose suffers 
a small removal loss. M. hruseij which produces neither gas nor acid from 
galactose, and does not remove any galactose from solution when the sugar 
concentration is 20 mg./lOO cc. or less, removes a small percentage when the 
sugar concentration is 50 mg./lOO cc. This is not true of the action of M. Icrusei 
on maltose, lactose or arabinose. Both 8. marxianus and M. macedoninensis 
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Table I. Showing percmtage rermval by some organisms of a series of sugars. 


Organism 
Froteus ‘vulgaris 
lion, ilia Icrusei 
S accharomyces mafxiamis 
Monilia tropicaiis 
Monilia pinoyi 


Monili a macedoninensis 


W ashed Incu- 
wet- bafcion 

weight tinie Glue- Fruct- .Mann- Galaefc- iMalt- Lacfc- Ai’abin- 


The removals have been carried out in neutral aqxieous solution. 

Footnote to Table I. 

The gas or acid production was determined on a sterile 1 h/ sointinn nf c 

peptone broth by the usual bacteriological technique. ' ^ ^ ™ ^ ^ 

m "2 hours. Fructose, mannose, salactose maltose 
lactose, arahmose, xylose, sucrose: no acid or gas in 72 hours. inaitose, 

M.knmi. Glucose, fructose, mannose: acid and gas 1 2' hours Galactose msltosc i„.+ 

arabiiiose, xylose, sucrose: no acid or gas in 72 hours L,alaetosc, malto.se, lactose, 

fructose, mannose, galactose, sucrose: acid and -as I'l hours 
I wi “ -Vl°«e: no toh o'r gas hi 

Jf. (ro^jicuijs Gluco^, fructose, mannose, maltose: acid and gas 12 hours Sucrose- acid 
12 hours, gas /2 hours. Galactose, lactose, arabinose, xylose: no acid or gas in 1 ours 
J/. pinoyu Glucose, fructose, mannose: acid and gas hours 
48 hours. Galactose, arabino.se, xylose, sucrose: no acid or gas in ^ W 

1 ■ Glucose, fructose, mannose, sucrose: acid and gas in 12 hours Wiltnso- 

aerd m 12 hours, nogasm 72 hours. Galactose, lactose, arabinose, xylofenm ^cid or g^s in 7 I hoX! 

Slowly produce acid from maltose, but no gas in 72 hours, and neither shows 
removal power under our conditions. An alteration in properties is also to be 
fomtd M section of the present paper where ordinary baker’s veast is 

»f 20 »g./100 c«. 

With the exceptions just noted, the removal power of a veast, however 

Sate i° VI® "" p^f M its rapid fermentative abihty. Yet we 

hesitate to identify completely the two properties, quite apart from the fact 

SfV evidence of the existence of an 

action other than fermentation. The removal of glucose can be extraordinarilv 

SanuL^'nn [1927] at first considered the reaction as 
mstantaneous In all o^ experiments, 8 mins, has been sufficient to ensure the 

^moval of .-5 mg. of glucose by 250 mg. yeast at 38“. Fructose and mannose 

lon^rer + ^ fermentative processes, require a much 

longer time to ^ect their complete removal, though by far the greater part of 
the removal is effected m the first few minutes. In this connection we would draw 
attention to the finding of Slater and Sand [1910] that the rate of entrance of 
glucose mto the yeast cell is always more than sufficient (in presence of excess 
f maximum rate of fermentation. It seemfto ns a possibihtv 

that the sugar removal as shown under onr analytical coSo^s m^y be Is 

It IS important to draw attention to the sharpness with which suo-ars can 
be separated by these methods. Not only is there a complete removS of the 
fermentable sugar, but there is no diffusion of the non-fer J^ntabTe “2^ in the 
jmt I.y„. Somosri [1627] fat noticed thta. .„d it it fflurtoSy “at? 
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experimental figures in this paper. Van Slyke md Hawlms [1929] 
nf the technique severely to the test, when they incubated a 1 . o Fohn-Wu 
Wood filtotelpreviously treated with a small amount of yeast to remove the 
iS wSi ail equal volume of centrifuged washed yeast, and found no 
j-'L, i,T the concentration of the residual non-fermentable substances. 

™rSey ™”nofc te». «t «ri„e, though Hariing and Selby [1931] and 

wi; Id S”»on [1932] h.ye been unable to oonfi™ the removal of non- 
fermentable substances from urme under their own conditions. 

The use of Proteus vulgaris as a reagent for glucose. 

From the results of Table I it appears that Pmiews I" 

malian organism, and the \alue o nf this bacterium as a sugar 

Of the .t« e»i- a—M. bo. 

same sugar-remoYal properties during the^2 broth for 24 hours at 38-0^ 

Culture. The bacteria are grown on /o & alucose-ao-ar surface contained in a 26 oz. 

One loopful is transferred to a ^ gg.^o growtli is characteristic, 

flat narrow-necked bottle and incubated for ,„rface. This habit of 

spreading very rapidly from the * strain. The growth is washed off 

vigorous surface spread has assisted greatly lu keepmg a pure strain. fe 

■wfoh 10 CO. distilled water for each '^ottleh ^ ordinary centrifuge 

Separation. The bacteria can be separated fron - • T . considerable suspension, 

.. 35<L«»0 b* «b tag. TSlLtol .lutagb 

even after prolonged oentrifugmg. ressur Seitz jiads, in addition gave 

Berkefeld or cellophane filters has °° ^^Jtj^ces. The angle centrifuge of Lundgren at 

products containing large amounts of reducin,, Neither the ovoid glass centrifngc-tubes 

Loo r.p.m. separated the satisfactory. FinaHy , 

supplied by the manufacturer nor “ serviceable. The lack of visibility inside these 

thick aluminium tubes, made locally, were found serviceable. 

tubes was not found to be a hindrance. racked bacteria are stirred with 10 cc, 

Washmg and yield:. After the first =’ ^ ^ Usually the bacteria are then 

distilled water and 7oTllhin<f is essential if, at the end of the action 

free from reducing substances. This remoLd'by centrifuging only. If, however, this 

on the sugar solution, the through kieselguhr it is sufficient to carry out 

latter removal is to be accomplished by From 1-0 to 1-5 g. of washed packed 

only the first separation and one subsequent washmg. iro 

bacteria are obtamed from each 26 ®’ . j .j,,ater have shown variable stability. 

Stability. The washed bacteria in oO A susp ■ glucose-removal power for 4 days. 

Some preparations kept at 4= have remamed constant in tlieir gl ^ 

1 The organism is kept in the same tube of °24 hours. A stock culture is kept 

is transferred to an agar plate and ° . L from agar to broth and back to agar 

on an agar slant in a sealed test-tube and is transferred iro 

once a. month. , 


i 
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other samples in the same length of time have altered, not only in glucose-removal power bnt in 
specifloity. e have used the organisms within 12 hours of preparation 

in fT"- of the Proteus preparation are centrifuged 

m the alummmm tubes, the supernatant liquid poured off and adherent moisture removed from 

^ s«gar solution to be tested, containing not more 

Ti ® tlie mixture stirred with a thin glass rod at 38° for 30 mins 

The solution should now be at 6-0-6-5 due to acid formation. 0-1 g. solid KH„PO, is added if 

bv'elT f t flocculate rapidly and are more r'eadily removed 

by centrifuging.) The greater part of the bacteria is then removed by a short perLd in the 

S last few cells must be accomplished separlT ^ 1 of 

inZ ^ i! efficiency centrifuge-tubes supplied with the hi^h 

-bber'c'overings, are 

s^eS; ec however, and in consequence a considerable time may be 

thr! . n oentrifugmg, if some 40-60 cc. hquid must be handled. (6) By filtration 

Bv fill ® 2 hours for 40-60 ec. Uquid, but requires no attention 

c) By filtration through a layer of coarse kieselguhr on a small Buchner filter-plate The kieselvuhr 

- considerable 

rited bv culWs I 1-acteria-free, 

iSinl ffifr/; It “°t possible to dispense with the firs 

centntugmg, foi if too many bacteria are present, the layer of kieselguhr clovs 

If the centrifugate or filtrate from (a), (b) and (c) contains ammonium salts, they are removed 

alX*Z i!“o^ sffiutirCre Iiffi 

total Bnti 1 *1 clct6™ned, usiiig tile requisite water controls. The difference between 
total and lesidual sugar represents glucose, in absence of galactose. 

90 ^^® “a-^imum removal of galactose we have observed is ‘>7 «' of a 

for“o'n ffis“TW*tr'’ solution 

thi u JT ^ 1’“’*®"^ “'I ‘™c of incubation, as under 

0? dS:: Lirrai reXn r;r;a?r^ 

Acttci on «mi. Different strains o{ Proteus mle/rms have been found to possess hvdrolvtic 
action on mea, producmg ammonium carbonate [Day et al, 1930], 0-75 g. of 4t-weiaht tasked 

r35“-~ 

& Z'Z’TT" '"*• ■“ ”»«» 

Biercially and bioloo-icallv Given +* important, both com- 

analysis. Given materiaiamouXtl ntt ! f “ 1*’^® f°>- b^e 

becomes impossible. Using the data of T^Ie '^d' methods 

and leaves fructose and tuSl? l/l,r ^ gl'^oo^e, 

sucrose can then be btdrXTd Vtl “ 

, ^ ^ ^ *1*^“*® H®*’ bhe solution nentralised, and the total invert 

n sugar determinations followinsr the n^e of ’Prrtionio i 
Harding and Downs, it is essential tf at L I 

contact with the CugO for at least ^ mm® allowed to stand in 

thiosulphate titration. * ^ occasional agitation before proceeding with the 
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sucar determiaed by M. krusei, or the glucose and fructose estimated separately by ProUus 

a known mixture of glucose, fructose and sucrose are shown 

ill Table II» 

Table II. Showing the details of an analysis of glucose, fructose and sucrose. 


Glucose lOmg.l 

Fructose 10 „ ®°''| “i’S f 

Sucrose 10 „ J l=0-00j 


=3-41* cc, 0-005 N I for 2*0 cc. solution 


cc. 0-005 N I for 
2-0 cc. solution 

3-41 

1-70 


0-01 


1-83 

0-91 

0-01 


(1) Total reduction found 

(2) Reduction removed by Protem 

(3) Eeduction f^ctose iemov'ed by M. hmld 

Total reduction 

(5) 

(6) by 'if. kmlli 

(7) Equimolecular mixture of glucose and fructose = 10 mg. sucrose « 

analysis mixture. i^rv.-hui 

Th. — “• “ “ 

* Bata from Table I [Harding and Bowns, 1933]. 

This analysis is ^ should be estabhshed 

natural mixtures oontainmg glucose, ru - biological method for the separation o 

th». .t »ta«» orif ■ “u obl^rf to "f “«»“• “ 

fructose and mannose. Incorrect results wiu aiso 

sugar is partially hydrolysed by of gtiorose can be calculated from t e 

Under these d !„lose can be removed by M. phmH previous to 

fructose produced by f “fits by cither method. In the presence of galactose 

hydrolysis. We have obtained scheme given in the final section, 

a Ml analysis must be conducted accori^ to ,,Hh H.SO. and Blo^;^ 

Application of Proteus Hamilton 1928; Harding and Selby, 1931] with a fim 

reagent [Pohn and Berglund, 19*,.., ’ ^ total reduction determined. 

dilution ofl: 10 .TheNH,isremovedby IvH^O.^a^^^ 0-0 cc. 

23 CO. of the Lloyd filtrate are now bro g ^ J aluminium centrifugedube and 

of this are added to O-Io g. wet weight -y^ed F.oJ^ ^ ^ ,, , 1 ^,, 

incubated 30 mins, at 38° with stiwmg y centrifuge, and the remamder 

added, the main portion of the oe s rem by the adation of 0-7o g. MgO wi i 

by filtration through kieselguhr._ The NH^ ^ g. the residual sugar 

agitation for 30 mins. The f f ® aeterminatiL gives glucose in the knowm absence 
determined. The difference ® bi removing added glucose and its mertness 

of galactose. Table III shows the xylose. We have also used Proteus 

towards added fructose, “ g^CO, [West and Peterson, 1932]. We 

,,*.m o« 2™ aJ ctoi.- ™« •*“ —‘.iftstos .rf tt» 

sugar in most specimens. 
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Table III. Showing the action of Proteus vulgaris on tirine and on urine 
with added siigar after treatment with Lloyd’s reagent. 


Added 

sugar 

Fructose 

Arabinose 

Lactose 

Maltose 

Galactose 

Glucose 

Xylose 

Mannose 


Reducing Reducing 
vahie of value of 

urine urined-sugar 
after NHs after ISTH- 
removal removal 
(«) (?>) 


1*04 

0*73 

0-65 

0-83 

0-90 

0-97 

0- 89 

1- 04 


2-80 

2-05 

1-29 

1- 52 

2 - 11 
2-74 
2-17 
2-10 


Value of 
added 
sugar in 
urine 
after INH., 
removal 
(?>)-(«) 
1-76 
1-32 
0*64 

0- 69 

1- 26 
1*77 
1*28 
1-06 


Reducing 
value of 
urine 
(a) after 
Proteus 
ic) 

0-84 

0-40 

0-49 

0-45 

0-42 

0-73 

0-48 

0-64 


Urine- 

sugar 

0-20 

0-33 

0*16 

0-38 

0-48 

0-24 

0-41 

0*40 


Reducing 
value of’ 
urine-rsugar 
(h) after 
Proteus 
id) 

2-61 

1-72 

M3 

M3 

1-62 

0- 73 

1- 74 
1-69 


Tlie above values are expressed as cc. of 0-005 N I for 2-0 cc. urine (I- 
For mg. added sugar see Table I [Harding and Downs, 1933], 


Added 

sugar 

alter 

ProteMS 

{d}Hc) 

1-77 

1-32 

0- 64 
0-68 

1 - 20 
0 

1-26 

1-05 


'/o re- 
moval of 
added 
sugar 

0 

0 

0 

0 

4 

100 

0 

0 


10) filtrate. 


Appheahon of Proteus to FoUn-Wu blood-filtrates. The method given for the estimntion of 
glucose m aqueous solution can be apphed to Folin-Wu blood-filtrates. The values obtained vith 
two samples of dog’s blood and six normal human fasting bloods as shown in Table IV dlfeS 

Table I\ Com.panson of sugar removal by ordinary yeast and bit 
Proteus vulgaris from Folin- Wu blood-filtrates. 


Blood 

No. 

Dog 1 


Man 3 

>5 ‘I 
jj 5 

fi 

>s 7 
8 


Total reducing 
substances 
1-98 
1-61 
1-57 
1-70 
1-72 
1-71 
1-84 
1-52 


Hesidual 
reducing 
substances 
after yeast 
0-45 
0-27 

0-28 

0*35 

0-35 

0-34 

0-40 

0-40 


Residual 
reducing 
substances 
after Proteus 
0-44 
0-28 

0-31 

0-33 

0-33. 

0-33 

0-40 

0-39 


Value for 
residual 
reduction 
after yeast 

0-31 

0-34 

0-40 

0-42 

0-42 


Figures represent cc. 0-005 ALfoTs’ce. blood-filtrate. 

Table V. Separation of glucose and non-glucose sugars from 
fermented Folin-Wu blood-filtrates. 


Glucose 
mg./ 100 cc. 
88 

77 

73 

78 

79 
78 
83 
66 


Value after 
added non- 
glucose 
sugar 
0-39 
0-40 
0-46 
0-65 
0-87 


Value after added 
non-glucose 
sugar - 1 - added 
glucose 


Value after 
Proteus 

2-07 0-42 

2-21 0-41 

1- 79 0-44 

2- 37 0-66 

2-53 0-88 

Figures represent cc. 0-005 N I for 2 cc. blood-filtrate. 


Added non-glucose 
sugar 
Fructose 
Maltose 
Mannose 
Lactose 
Arabinose 


blood-filtrate, the values are identical with those obtained by the use o Pmtei 'rble V h 
m a similar manner the recovery of glucose added to Folil-Wu blood ffltates me \ 7" 
mented by ordinary yeast, and the inertness of the reagent to slu addel ImoLt^ 

»™. 1.*.. «,d ....hta., Th. of 
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,1 ■ oiinTinrts the use of the latter as a reliable reagent for glucose hi 

“oZlia . Mel — .1 .1. - 0< ?— fo. .1. 

The iise of Monilia tropicalis /or the estimahon of maltose. 

Maltose can be identified by 

also supply data foi its -^g estimation becomes one of difficulty, 

material, and m in presence of disaecharides 

Barfoed’s solutimi es ii , .rj-, • 1032-331 If the only disaccliaride present 

[Legrand, 1921 ; Tauber and reduction and the total 

reduction gives ^ “ , . . Widdowson [1931], in studying the sugar 

limited in application. ^he differing rates of oxidation by 

changes during apple storage, hvpoiodite, for the simultaneous 

Hand's [1929] teiTioyanide solution “d M jb, i„,„r„ed 

estimation of maltose and gluc<»e. 

reducing power on hydiolysi possesses a fermentative action on inaltose 

We have found no yeast P°®®® orsanisms without any action on 

alone. In Table I, however, SivTremoval. Eiihe, of these 

maltose and two orgamsms “P*'V’° °f,* hj n, „sed as an analvtioal reagent. 
last two (if. piiioyi.or Jf. '»f m.Jg oftl.e centifnged freshly 
Of the two, i¥. tropicahs is the m 10 cc. liquid in 8 mins. 

oTOwn and washed cells remove - 3 g. ™annose requiring 20 mins, for 
at 38°.) Its ilf i»o2/irequires\o mins, incubation 

complete removal of the quantity^ P ptitative in its action on 

to remove the same amount pditipps Jf. tropicaUs is thus pre- 
fructose and mannose ® separate maltose and saccharose. 

ferable, though 31. pp^ of the foSr organisms having no removal 

r«:i— ?Sed”Td/ 

:« th: growth yieM, Ihout 2 g. wct.weaght of yeas 

water until the washings are water and is used withm Uhouis. Ihe 

per bottle. The organism is made to a eontamination. Every 4-o weeks 

Ltnre is controlled by from an agar-plate growth. The new culture 

a new culture is prepared from a single colonjp ^ 
should he tested against a series ot sug . ^.q cc. sugar solution is determined. 

./ .* ill ih.u .i. .iw.- •* « »2' 3‘~ 

The sugar solution should not contain an amomn « 

pL 100 cc. [see Table I, Harding and 12-0 cc. of the solution are placed 

(6) If sugars other than 1 ^^. cashed Saccharomyxs marxianm [Harding, 

in a centrifuge-tube, contauung 0 o . stirrmg. The -S. marximms is 

Nicholson and Grant, 1932-33]. Incubate fo , , , gtray cells. The reducing power 

removed by centrifuging, taldng care to reraov ^ presence of small amounts 

of“"oe. of the centrifugate is water instead of the 
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^ (c) Tlie remainder of the centrifugate from (b) (5-6 ec.) is added to a centrifuge-tube con- 
taining 0*5 g. wet- weight M. tropicalis. This latter has previously been added from the. fresh 
50 % suspension, the excess water has been removed by centrifuging and the interior of the tube 
wiped dry with filter-paper. The Monilia and sugar solution are mixed with a thin glass rod, or 
by tapping, incubated for 20 mins, at 38° with occasional stirring and then separated by centri- 
fuging. The reducing power of 2*0 cc. of the centrifugate is then determined. Care is taken that 
no stray ceUs remain, previous to the “sugar” determination. A control tube with winter and 
JPI, tiopicoMs is made simultaneously. The difierence h—c represents maltose. 

Application to blood and urine^ Folin-Wu blood-filtrates w’^ere deprived of glucose by ordinary 
yeast, and to them were added a series of sugars. The removal of the added sugars by If. tropimMs 
is the same as in water and show^s the same accuracy. Filtrates from dog’s blood also gave similar 
removal figures. 

The action of M. tropicalis on urine, either alone or in presence of added sugar has been 
tested as in testing the action of Proteus, except that no removal of NHg after fermentation is 
required. If. tropicalis removes glucose, fructose, mannose and maltose quantitatively. The 
removal of galactose from urine appears to be greater than from water solution. There is no 
action on lactose, arabinose and xylose. 

Use of baker's and brewer's yeasts for the separation of 
glucose and maltose, 

Raymond and Blanco [1928, 1] found no removal of maltose by baker’s 
yeast. Our observations on ordinary baker’s yeast have convinced us that its 
maltose removal power is very variable, espeoiaUy if 0-5 g. wet weight yeast is 
used and the incubation period at 38° is extended to 30 mms. On 10 cc. of a 
f maltose, the disappearance of the sugar ranged 

from 16 to 11 % under such conditions. On the other hand, using 0-25 g. baker’s 
yeast and mcubafmg for 8 mms. at the same temperature, the removal of 
maltose was sometimes ml. .As Raymond and Blanco only incubated for 3 mins. 

1 is easy to see how they might fail to observe the disappearance of maltose’ 
How complete can be the separation of glucose and maltose by the use of a 

from Srir wTv’ ^ mcubation, can be seen 

om l^.bie VI. Within experimental error and from a range of l*2o to 10 mg. 

Table VI. Sh^ng the action of 0-25 g. washed baker's yeast on maltose 
and glucose mixtures after incubation for 8 mins, at 38°. 

ec. 0-005 N .1'“^ for 2 cc. 
sugar solution 


Maltose 



Added glucose 

Original 

Reduction 

mg./lOO cc. 

mg./lOO cc. 

reduction 

after yeast 

20 

10 

PC 

0 

0 

1*23 

0-62 

0-84, 

0-60 

O 

2*5 

0 

0 

0-31 

0*1(3 

0*29 

*0*15 

1*25 

0 

0-07 

0*07 

20 

10 

1 

1 

1*39 

0*78 

0*92 

0*60 

5 

9. PC 

1 

0-47 

0*30 

^ o 

T! ,'OK 

1 

0*32 

0*15 

20 

10 

5 

2*5 

1*25 

1 

0*24 

0*07 

20 

20 

20 

20 

20 

4*68' 

4-03 

3*75 

3*59 

3*50 

1*10 

0*63 

0*31 

0*13 

0*08 


in this experiment. 
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inn PO the ordinary yeast cake (Fleischmann), not only had no action on 
but completely removed added glucose in concentrations of 1 20 
S’c? It T to be noted, however, that at a higher concentration of 
/1 00 cc tlie yeast removed considerable quantities of maltose. The high 
fovi of mSosl noticed by us with baker’s yeast followed the use of^a 
SSIl sampTe, packed in ice by the laboratories of the Standard Brands Inc., 

"^Vwo'oaer'obSSns convinced us that the freshness of the yeast was 
i^nortant factor in the production of a high maltose-removal power. Cultuies 
""f Zws yeast vrown hi glucose-peptone broth, foUowed by gro^h on glucose- 
of bakei y " » maltose quantitatively. Brewer’s yeast obtained fresh from 
agar removed the accomplished a ioo o/„ removal of maltose 

f ;wod of sXvShe removal power had dropped to 64 % . Our standard 

SSmhtriO-O h. of a 20 mg /lOO cc. maltose solution when incubated for 
30 mins, at 38° with 0-5 g. of wet-weight washed yeast. 

cation at 38^ was to lower the of allLing the small 

these efieots led to the death of the cell, ^ „„ .he 

package cakes of yeast, as bought, si j j.Qhablv one of autolysis combined 

':rr 

Table VII. Effect of ‘‘ageing” «/ \ZltZi7Z ""mgafin lolc.Zutim 
percentage removal produced by 0-5 g. yeast on - mg. suj 

at 3S° 


Yeast Samiile I 


Yeast Sample II 


lie of inciiba- 
Diimniins.,... 

jlucose 

fructose 

\Iannose 

Vlaltose 

isaccharose 


-\fter 


i days^' 


Fresli culture 


100 

•72 

88 

4 

79 


20 

100 

95 
97 

96 


30 

100 

100 

100 

6 

100 


100 

67 


20 

100 

96 


30 

100 

100 


91 100 100 



As bought 

After 7 

clays 

Fresli cultures 


20 



20 

30 

8 

20 

30 

100 

80 

100 

95 

100 

100 

100 

73 

100 

99 

100 

100 

100 

100 

83 

100 

100 

100 

100 

— 

— 

— 

■ ’ 


1 ^ 

62 

86 

100 

16 

64 

19 

97 

32 

100 

2 

95 

98 

100 

94 

96 

100 


Removal power oi original yeast cakes undetermined. 

.U 1 7 The use of such yeast preparations 

the maltose-removal power is ve^ low at ^JiJhle removll of maltose. On 

acting, in small amount, for a shor P®"” .;.ye towards vlucose, fructose, mannose and sucrose, 
the other hand the preparations are jot J ^ ^^d 

Too long an exposure results m the death ^ temperature, humidity etc. 

evidently vary from laboratory *0. P ^ anah-sis of mixtures of glucose and 

The foregoing experiments poy to Pf® „.e„ared from the “aged” partially desiccated 

we,.,d*U •..-l.d ^ 2 ~g. el™- «- 8- '’“■'■j 

packages and incubated for 3 8 mms., inst Amoved from a laboratory fermentation 

washed active brewer’s yeast or bakers yeaa^t 1^* ™" 

incubated 30 mins, at 38” completely glucose-removing and maltose-removing 

In view of possible variations each pr p two sugars. The experiments also indicate 

baker’s yeast should be tested on known mixtures of the tw o su^ais. 


£ k ■ 
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one of tlie sources of the discrepancies sometimes encountered between different laboratories in 
the use of yeast for the separation of fermentable and non-fermeiitable sugars. Also, the strains 
or mixtures of yeasts used in commercial yeast cakes vary and contribute to failure of duplica- 
tion of results. They emphasise the necessity of pure cultures. 

Use of Monilia kmsei. 

M, hnisei is an important organism from the standpoint of sugar anatysis. It 
is the only one of our series which has no removal action on galactose at k) mg./ 
100 cc. concentration and has proved quite reliable in the separation of mixtures 
of glucose, fructose and mannose from that sugar. We have alreacly noted that 
from^ higher concentrations of galactose, a small fraction is removed. In a 
previous section we have illustrated its use in the anatysis of mixtures of glucose, 
fructose and sucrose. The cultural conditions of if. hrusei are the same as for 
M. tropicalis. 

M. hrusei has the same removal reaction on sugars in Foiin-Wii blood- 
filtrates and urines cleared with Lloyd reagent as in water. 

Analysis of mixtures of sugars. 

From the foregoing results and those of a previous paper [Harding, Hicholson 
and Grant, 1932— 33] it is possible to construct a system of sugar analysis. The 
use of Proteus vulgaris, M. hrusei, S. marxianus and M. trojncalis, combined 
with acid hydrolysis at appropriate stages, enables one to analyse a mixture of 
glucose, ^ fructose or mannose, galactose, sucrose, maltose and lactose. A sum- 
mary of such an analysis shows the foliovdng steps : 

A. Estimate glucose, fructose, mannose by if. hrusei. 

B. Estimate galactose on residual fluid from A by S. marxianus. 

C. (In absence of galactose) estimate glucose by Proteus vulgaris. 

Ar-G fructose-mannose. 

L). (In presence of galactose) estimate fructose-mannose oil residual fluid 
from C by M. hrusei. 

A-B = glucose. 

E. Estimate sucrose on residual fluid from A or D by hydrolysis, followed 

by use of Proteus vulgaris and if. hrusei. (In presence of galactose or 
^ maltose calculate the sucrose from the fructose value.) 

F. Estimate maltose by 8. marxianus followed by M. tropicalis. 

G. Estimate lactose on fluid from F by hydrolysis. Calculate the lactose 

from the galactose value, assuming 72 % hydrolysis [Harding and 
Grant, 1931]. 

The estimations A, C, F are made on the original mixture. 

The details of analysis of the six sugars, each present at a concentration of 
10 mg./lOO cc. have been given in the preliminary account of this work [Harding 
et at., 1932]. The percentage recovery of the sugars is shown in Table VIII. 

Table \ III. Showing percentage recovery from mixtures of sugars, 
analysed by the biological reageyits. 

I II 

97’6 95*4: 

101-7 lOM 

96*7 100-8 

103-0 103-0 

109-6 105-1 

98-8 106-2 


Glucose 

Fructose 

Galactose 

Sucrose 

Maltose 

Lactose 
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All four biological reagents act in aqueous solution at 6*5~7-0. Tiie 
cultural conditions must be strictly followed, otherwise considerable variations 
ill the removal power are encountered. The application to biological fluids must 
always be accompanied by a considerable number of control experiments, in 
wliicii the efficacy and specificity of the organisms are demonstrated. The 
number of sugars examined, while adequate for our present purposes, is not 
exhaustive. Reducing substances other than sugars may be removed, or have 
their reducing properties diminished. The presence in biological fluids of sub- 
stances considerably modifying or even radically altering, the removal action 
of the oro-anisms must be considered. Our own experience with Proteus on urine, 
wffiere it^action on the urea forms sufficient NHg to interfere with the accuracy 
of the copper reagent, illustrates another possible error. Used carefully, and 
with due regard to possible error, we believe biological reagents, such as we 
have described, will be of value in the study of many phases of carbohydrate 
metabolism, both in animal and vegetable physiology. Used indiscriminately, 
and without due regard to their Mmitations,^ they will prove inferior to the 
classical but slower methods of chemical identification of the sugars. 

The possibilitj^ of such errors is reduced, if some removal of non- sugar 
material preliminary to the sugar estimation is adopted. Or the^ sugars may 
be separated in some insoluble combination from the other biological material 
and then liberated in aqueous solution. Under both sets of circumstances the 
absence of more than mere traces of heavy metals must be ensured. We have 
used the organisms after treatment of biological material by the following: 

(1) Lead acetate, follow^ed by potassium dihydrogen phosphate. 

(2) Potassium dihydrogen phosphate followed by sohd magnesium oxide. 

(3) Mercuric sulphate and barium carbonate followed by hydrogen sulphide 

[West and Peterson, 1932]. i i 

(4) Copper sulphate and lime, with hberation of the sugar by sulpliuiic 

acid and hydrogen sulphide. 

Summary. 

A number of micro-organisms have been examined as possible analytical 
re^^'^^clos^ relationship between sugar removal power and fermentation has 
’"^^I'SrTf the organisms examined appear useful as biological reagents for 

A^train of Proteus vulgaris has been developed as an analytical reagent for 

is without removal action on fructose, mannose, maltose, lactose, 
sucrose arabinose and xylose, but is variable towards galactose. 

Proteus can be appHed to FoUii-Wu blood-filtrates and to ™ 
ment with H.^SO^ and Lloyd’s reagent and after treatment with Hg&O, and 

^''Stails of the analysis of mixtures of glucose, fructose and sucrose are given. 

Mo 7 iilm tropiealis is extremely active in removal of ^itose. 

A method for the estimation of maltose is given, dependmg on the use of 

fo. the eepe»ti0„ ot 

glucose and maltose is suggested. 
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Mionilia hriisei is a useful sugar reagent, as it only removes glucose, fructose 
and iiiamiose. 

A system of carbohydrate analysis, embracing glucose, fmctose-iiiaiiiiose^ 
galactose, sucrose, maltose and lactose, is outlined, and the result of the analysis 
of such a mixture by the biological reagents is given. 

Some precautions in the use of organisms as anatytical reagents for sugars 
are suggested. 

The thanks of the authors are due to Mr G. Hern and Mr C, E. Doiviis for 
technical assistance. 
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CXLIV. A RAPID METHOD FOR OBTAINING 
PROTEIN-FREE ULTRAFILTRATES OF 
BLOOD AND PLASMA. 

By CLIFFORD WILSON and ENSOR ROSLYN HOLIDAYS 

From the Medical Unit Laboratories ^ The London Hospital. 

{Received June 20th, 1933.) 

Since Smith. [1928, 1, 2]^ working in these laboratories, developed a rapid method 
of ultrafiltration of plasma, we have had occasion to use the method frequently 
and on a large scale. 

The following is an account of modifications in the technique which we have 
found necessary, (1) to improve the rate and yield of filtration, (2) to give 
membranes reliable and simple in preparation. 

The chief difficulties experienced in using fine grade collodion membranes are 
firstly that they are very slow, and secondly that after a short time the rate of 
filtration is markedly decreased owning to clogging of the filter pores. 

We have aimed at obtaining a membrane which will hold back protein and 
will filter rapidly at low pressure difierences. There are two disadvantages of 
liigli pressme filtration, {a) The filters clog much more quickly; (b) the struc- 
ture of the membrane may be actually altered so that its pore size is changed. 
With these considerations in mind we work at a pressm-e difference of about 
70 cm. mercury. We prefer using a negative pressure, as it is more convenient 
ill use and more economical, any good water suction-pump giving adequate 
pressure difference. 

Methods devised to relieve blocking of the membranes are many. Pierce 
[1927] used shaking, Smith [1928, 1, 2] used a rocking filter with beads on the 
membrane, Elford [1931] used alternation of pressure. For filtration of fluids 
such as plasma we believe that the method described here gives very much 
more satisfactory results than any of the above. 

Method. 

The apparatus (see Fig. 1) comprises one or more filtering units. Each unit 
consists of a filter porcelain fumiel jlA.', similar in construction to a Seitz filtei 
except that the two’parts are clamped together by means of two metal .rings held 
with bolts and wing nuts Soft rubber rings are interposed between the 

supporting grid C and the funnel portion and between the membrane and the 
reservoh portion of the filter. 

The top of the reservoir is closed with a circular wooden cover D, the centre 
of which is pierced a hole in which is held a short length (1 in.) of glass 
tubing. This acts as bearing for a solid glass T piece E, the side-limbs of which 
are inserted into two rubber sponges, FF', cut as follow^s. Tlw have ^cylindrical 
shape about 1 J cm. in diameter and long enough to reach to within f cm, of 

^ Owen Williams Research Scholar. 
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the central spindle and the wall of the reservoir. They are pierced ioiigitiidinally 
by means of a cork borer small enough to cause a tight fit on the glass arm. 
The sponge should be soft and loose-textured. 

The T piece is connected by means of rubber tubing to a vertical shaft G 
which is made to revolve at a rate of one revolution every 3 seconds. There 
should be ample latitude for vertical movement of the shaft, as it is difficult to 
set up the filter exactly normal to the T piece. Constant pressure of the sponges 


AA^ Porcelain filter 
BB' Clamp rings 
C Grid 

D Wooden cover 
E Sponge holder 
FF' Sponges 
G Driving shaft 
H Weight pan 
J Vacuum reservoir 




Kg. 1. 


on the membrane is maintained by means of weights placed on the tray H. 
We have found that 50 g. is suitable for a 7 cm. filter, but the weight may need 
increasing when the residue becomes very viscous. 

Suction is applied by the usual method from a good water-pump. A laro-e 
reservoir is mterposed betvreen the pump and the filter battery in order to 
avoid extreme oscillations of pressure when connecting up a new filter while 
others are m use. 

_ Several sponges are kept as spares. To clean them, they are first thoroughly 
rinsed in 3 /q NaOH and then left for several days in 2 % NagCOg solution. 
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When subsequently rinsed with running tap-water and finally placed in dis- 
tilled water for an hour or so they are ready for use. They should never be 

allowed to diy, . ^ , 

Freparation of the membranes. 

Membranes were made with the following objects. 

(1) To keep back protein. 

(2) To have sufficient degree of surface hardness to avoid damage by the 
wipers. 

(3) To have sufficient strength to withstand pressures of one atmosphere. 

(4) To have a rapid filtration rate. 

Two types of membranes have been fomid to fulfil these requirements. 

(1) Mcohol-ether-acetic acid-collodion membranes. Pyroxylm is dried in a 
vacuum desiccator until of constant weight ; this usually requires 3 to 4 days. 
From this a 6 % stock solution is made in a mixture containing 50 parts ether, 
50 parts alcohol and 10 parts glacial acetic acid. After 3 days the stock can be 
used. We do not take particular precautions to render the ether and alcohol 
free from water. The ether used is Howard’s anaesthetic ether and the alcohol 
is about 99*5 % . 

The niembraiies are made from a solution containing 2 % pyi'oxylin 
diiiitiiig down the stock with the mixture of alcohol, ether and acetic acid to 
the required strength. 

The membranes are prepared on polished glass plates whose diameter is 
about 1 cm, greater than that of the filter. The plates are cleaned in dicliromate 
and sulphuric acid, wnshed with distilled water, dried and polished with a silk 
cloth. The surface must be free from scratches and dust particles. 

Holding the plate in the left hand about 5 cc. collodion are poured on to the 
centre, and by rapid tilting a thin film of collodion is formed covermg the whole 
plate. By rapidly rotating in a vertical plane any excess of collodion is allowed 
to run off. The jhate is now" placed on mercury in a sulphuric acid desiccator. 
Here evaporation takes place in a stiU atmosphere— ensuring uniform drying 
of the membrane — from wffiich moisture is precluded, thereby preventing con- 
densation of moisture on the surface while the ether evaporates. In the absence 
of this latter precaution the film takes up moisture as it dries aiffi a milky 
appearance or ''blushing ” of the membrane occurs. After a period of 5 minutes 
the plate is removed from the desiccator and the surface observed by reflected 
liffiit. The appearance of a fine network pattern over the whole mernbrane 
surface indicates that drying is complete. The plate is now placed in distilled 
wvater. Gelling of the collodion occurs, the membrane contracts and floats oil 
the glass in 1-2 minutes. It is then floated on to a filter-paper and piacecl in 
position in the filtering chamber, where it is washed free from acetic acid with 

distilled w'^ater. ^ ^ , 

These membranes are ideal for rapid filtration of plasma. They are, however, 
too fragile to be used repeatedly. In our experiments we found it desirable to 
filter plasma from patients under investigation and from control subjects 
through the same membrane, in order to eliminate the possibility o vaiia e 
permeability of different membranes. We therefore attempted to prepare a 
stouter membrane impermeable to protein and suitable for successive hi- 

(2) Glacial acetic-collodion membranes. The most suitable for our purpose 

were found to be glacial acetio-coUodiou membranes on a 

similar to those described by Kreuger and Ritter _ [1930] - Hard Whatman 

(No'. 52) filter-papers were immersed in collodion solution and the excess diamed 
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away hj rotation in a vertical plane. Gelling was brought about by inimersioii 
in distilled water and the excess acetic acid removed by washing in ruiiiiiiig 
water overnight. 

Varying concentrations of pyroxylin in glacial acetic acid were tested. It 
was found that with concentrations of less than 4 % the meiiibraiie surface was 
damaged by the rotating sponges. Membranes of 4 % collodion can be used for 
several filtrations without deterioration of the surface. The rate of filtration 
under 70 cm. pressure is slightly slower than with the alcoliol-etlier-acetic acid- 
collodion membranes. 

After filtration, the membrane surface is cleaned with 2 % sodium bicarbonate 
solution and the membrane washed on the filter with 50 cc. of the same solution 
followed by distilled water. It can then be preserved in distilled water until re- 
quired for further use. 

Discijssioisr. 

We have obtained very satisfactory and consistent results using these types 
of membranes. Although the mode of preparation seems to lack that careful 
standardisation which many workers insist upon, we are convinced that the 
precautions taken are sufficient. Thus, for example, the exact volume of collodion 
used for each membrane is not measured, and one would expect vaiying rates 
of filtration from membrane to membrane owing to alteration in thickness. 
This does not seem to be the case, and we are of the opinion that the factor which 
determines the rate of filtration, and to a great extent the pore size, is the 
nature of the surface of the membrane. The thicloiess plays onty a minor part. 
It is for this reason that the mode of drying the membrane is the most im- 
portant part of the preparation to be controlled. The method is well suited for 
both purposes for which it was devised. Eor example, it is possible to obtain 
25 cc. ultrafiltrate from 30 cc. plasma in 30 minutes. In certain injection experi- 
ments, we found that the time from taking the blood from the vein to the 
injection of it into the animal could be reduced to 45 minutes. As the whole 
filtration can be carried out, at 0° and under sterile conditions, there is little 
danger of loss of labile substances through decomposition. 

For large quantities it is equally suitable. The followfing figures give an idea 
of a typical filtration : 


Vol. of 

1st hour 

2rLd hour 

3rd hour 

4th hour 

5tli hour 

6tli hour 

plasma 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

450 

100 

85 

70 

60 

50 

25 


Summary. 

1 . An apparatus for rapid ultrafiltratioii and methods for preparing collodion 
membranes have been described with the object of removing proteins from 
blood, plasma and serum for the isolation of various constituents. 

2. The method is suitable (i) for obtaining rapidly small quantities of ultra- 
filtrate for inoculation; (ii) for filtering large quantities. 
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CXL¥- THE ELEMENTARY COMPOSITION AND 
CALORIC VALUE OF THE FATTY ACIDS OF 
THE PHOSPHOLIPINS OF HUMAN 
SKELETAL MUSCLE. 

By DAVID PATOK CUTHBERTSON. 

From the Biochemical Laboratory of the Royal Infirmary and Pathology 
Be^Mrtment, The University, Glasgoio. 

[Received June 30th, 1933.) 

It is natural to assume that the fat laid down in the storage areas of the body 
is resistant to oxidation in virtue of its composition and saturation. As to the 
changes which occur in fat before being burned, chief consideration has been 
paid to the theory, originally suggested by Leathes, that the lipins may play 
some part in the desaturation and oxidation of the fatty acids. While it is 
generally held that the liver is the chief site of this desaturation, there apx3ears 
to be little experimental proof of the role played by the lipins in the process. 
Keiinawaj^ and Leathes [1909] were themselves unable to find any gross differ- 
ence between the degrees of iinsaturation of the fatty acids of the trigljmerides 
and lipins of the liver, such as to suggest a sharp differentiation into saturated 
and unsaturated. 

The theory that the lipins are concerned in the mobilisation and transport 
of fat is also sub jtidice. Bloor [1924] considers that a large proj3ortion of the 
unsaturated fatty acids of the blood are present as cholesteryi esters. Cliannon 
and Collinson [1929] have also noted that in the ox the phospholipin fatty acids 
of the blood have an iodine value varjung from 71 to 90, whereas the fatty acids 
of the acetone-soluble fraction are much higher, varying from 121 to 143. These 
■writers indicate that the relatively low iodine values of the blood-phospholipin 
fatty acids do not preclude the phospholipins from bemg considered as carriers 
of unsatiirated acids from the liver to the tissues, as the fatty acids of these 
coiiipoiinds are made up, accorclhig to Levene and his colleagues, of eqiiimole- 
ciilar proportions of saturated and unsaturated acids, and that the value of the 
unsatiirated half of the mixed fatty acids, which have an iodine value of 80, 
win be 160. The latest available data [Boyd, 1933] hidicate that in the human 
subject the degree of iinsaturation of the fatty acids of the phospholipins of the 
blood is much higher than that of the total fatty acids- — an observation at 
variance ■with the corresponding findings in lower animals. 

The recent experiments of Sinclair [1932] also weigh against this general 
theory. Sinclair measured the rate of turnover of tissue phospholipins ^ by 
determining the rate of change in the degree of unsaturation of the' phospholipin 
fatty acids in the tissues of the rat following transfer from one distinctive diet to 
another. From his work he concludes that the phospholipins present in muscle, 
and presumably those in the other tissues as well, should no longer be regarded 
as intermediary products in the metabolism of fat. 
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The work of Mayer with Rathery and Schaeffer [1914-15] indicates that 
increased attention must be paid to the role of the phospiiolipins in cellular 
activity — ^particularly in the mitochondria. This is also the view of Bioor [1927]. 

In view, however, of the theories which assign to the phospholpins an 
active role in bringing about oxidation of fatty acids, it was thought necessary 
to obtain knowledge of the elementary composition and caloric value of the 
derived fatty acids of the phosphoMpiiis of an active metabolic tissue such as 
muscle and to determine if the heat liberated by their complete oxidation differed 
materially from the values found for the acetone -soluble fats [Cathcart and 
Cuthbertson, 1931]. 

Analytical methods. 

The muscles selected in the first two cases corresponded to those chosen in 
our earlier paper, viz, the sartorius and rectus feinoris. 

Case L 26 years, autopsy 9|- hours after accidental death. The body was 
that of a well nourished and apparently healthy man. 

Case II, 31 years, autopsy 10 hours after death due to explosion. The body 
was that of a well nourished and apparently health}^ man. 

Case III, In this subject, aged 55 years, the gastrocnemius muscle of an 
amputated leg was extracted within 2 hours after the operation, which the 
patient’s condition necessitated as the result of an accident. 

The tissues were minced and stirred into tviee their weight of acetone. After 
2 days at room temperature the extracts were filtered through cotton cloth, 
and then the tissue was extracted three times with industrial alcohol and four 
times with ether. The first acetone extract ■was rejected. The extractions were 
carried out in dark brown bottles filled with CO 2 . During the extractions the 
bottles were frequently shaken. 

The filtered extracts were concentrated under reduced pressure at a tem- 
perature not exceeding 50°, a slow stream of COg being passed through the fluid. 
When all the alcohol had been evaporated and a dark golden brown S37rup 
remained, this concentrate was ex'fcracted with light petroleum, free from 
aromatic hydrocarbons, in a separator filled ■with CO., , water being added to aid 
stratification. The aqueous layer was re-extracted. The combined extracts were 
evaporated to small bulk and then distributed in suitably sized centrifuge-tubes. 
Excess acetone was added to each, and after standing for some hours the tubes 
were centrifuged, the supernatant fluids decanted, the precipitates dissolved in 
the minimum of ether and the precipitation -with acetone repeated. This process 
was carried out three times. The precipitated phospiiolipins were finally dis- 
solved in ether. 

PTeparatio7i of fatty acids. The ether extract was evaporated to dryness in a 
stream of CO 2 under reduced pressure. 50-100 cc. water and 2-5 g. ElaOH were 
added according to the amount of material. After heating for 1 hour on a 
steam-bath under reflux, an equal volume of alcohol was added and saponifi- 
cation continued at boiling-point for another 3 hours. Water was then added, 
the cooled liquid twice shaken out with light petroleum in an atmosphere of H 
and the unsaponifiable matter rejected. The aqueous extract was then acidified 
with H2S0^ and completely extracted ■with light petroleum. This final extract 
after filtration was stored in a dark bro'wn bottle until ready for analysis. It 
was found that this method was preferable to storage in the dry state. 

The elementary analyses were performed by the writer personallv using 
PregPs technique. The iodine values were determhied by Yasuda’s" [1931] 
micro -modification of the Rosenmund-Kiihnheiin method. This is more accurate 



FATTY ACIDS OF PHOSPHOLIPINS 


1101 


for lipin estimations than the earlier methods. A Darroch bomb was used for 
the caloric value -determinations. This instrument allows duplicate estimations 
to be made mtliin 0-01 % . 

Scarcity of material prevented more complete tabulation, but as the data 
obtained agreed closely and as the suppty of fresh human material was so 
uncertain, it was considered that the available data should be presented. 


Case 

1 

2 

3 

Av. 








Caloric ‘ 






Caloric 

value of 




Iodine 


value 

1 litre 

c 

H 

0 

value 

R.Q. 

of 1 g. 

oxj^gen 

76-10 

11-84 

12-06 

111 

0-712 

— 

— 

75- 80 

76- 20 

12-20 

12-00 

— 

0-705 

9-496 

4-73 

4-76 

11-98 

11-99 

Ill 

0-711 

9-516 

76-03 

11-98 

11-99 

111 

0-709 

9-506 

4-745 

Average value reduced to constant pressure' 

¥ 

9-521 

4-75 


* Catheart and Cuthbertson [1931] vide Appendix B. 


Discussion. 

Our earlier observations [Catheart and Cuthbertson, 1931] on the acetone- 
soluble fats were made on the triglycerides and free fatty acids themselves, as it 
was believed that these molecules were burnt completely when used as fuel. 

In considering the phospholipins, the derived fatty acids only have been 
analysed as it was believed that their fate was possibly different from that of 
the other constituents of the molecules. _ j i - 

The elementary composition, iodine value, respiratory quotient and calorie 
value and the other calculated data of these fatty acids of the phospholipins of 
skeletal muscle here described are of practically the same value as our con-e- 
sponding observations on the triglycerides of the subcutaneous fat, but diiter 
distinctly from the values obtained for the triglycerides of skeletal muscle— the 
latter containing more oxygen and less carbon. _ _ 

If comparison be made between the elementary composition of these phos- 
pholipin fatty acids and the con-esponding values of known higher fatty acids 
it win be foW that the values C, 76-03 %; H, 11-98 %; ». 

0-709 agree most closely with those of oleic acid, vis. C, 76-o9 /q', H, 1-^-9 /o, 
0 ll-3o “/ • E.Q. 0-706. It is certain, however, that various unsaturated ana 
saturated' fatty acids go to make up this fatty acid complex [MacLean and 

the iinsaturated group, recent work has shown that adds with 4 double 
bonds such as arachidonic acid occur in lecithin [Levene and Simms, 1J2^L ^nd 
are widely distributed in the tissues and organs [Wesson, 19.i,o]. Mci^ and 
Schoenebeck [1931] have isolated from brain-leoithm an A ' 

twining 22 0 atoms and 4 ethylenic linkages. The same acid has been found n 

liver-lecithin. 

The saturated acids are mainly steanc and palmitic. 

The iodine value of 111 which has been found for these fattj auds oi the 
skeletal muscle-phospholipins, agrees faii-ly closely^th Je ^ 

found by Bloor [1927] in Ms study of the fatty acids of the phospholipins ot 
law dianhrao-m^ neck and rump of the ox, particularly if account is taken tha-fc 
the method he used (Hanus’s) tends to give values 2^ % too high when apphed 
to unsaturated fatty acids like linoleic [Yasuda, 1931 j. 
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WMle it may appear of questionable value to compare the caloric values of 
the triglycerides with those of the lipin fatty acids, no other course is available 
when the main consideration is the energy value and the significance of the 
respiratory quotient. 

It is evident that the caloric value of a litre of oxygen utilised by the body 
will not he materially different if the material burned be the storage fat of the 
suh cutaneous tissues or the fatty acids of the phospliolipins of muscle. It will 
however be different if the material burned be the fatty acids of the phospho- 
hpins and not the triglyceride fat of muscle. 

^ In our earlier ^ paper we gave it as our considered opinion that the fats 
utilised for immediate combustion are the more highly oxygenated and probably 
more labile fats found in muscle and liver. There is at present no definite evidence 
to suggest the contrary. 

Summary. 

1. Elementary analyses of the fatty acids derived from the phospliolipins 
of the skeletal muscle of normal men gave an average of 76-03 % for carbon, 
H-98 % for hydrogen, and 11*99 % for oxygen. The average respiratory 
quotient was 0-709; the average caloric value 9-521 cal per g. at constant 
pressure, and the equivalent of 1 litre of oxygen at constant pressure w^as 
4-75 cal. The average iodine value was 111. 

My thanks are due to Prof. E. P. Cathcart for suggesting this investigation, 
and Prof. J. Shaw Dunn for supplying me with post mmiem material. I am 
indebted to the Carnegie Trust for a grant in aid of this researcln 
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CXLVL THE DEGREE OF UNSATURATION OF 
THE FATS OF HUMAN ADIPOSE TISSUE 
IN RELATION TO DEPTH FROM 
SKIN SURFACE. 

By DAVID BATON CUTHBERTSON and 
SIDNEY LIONEL TOMPSETT. 

From the Biochemical Laboratory of the Boijal Infirmary and the Pathology 
Department, the University, Glasgoic. 

[Received June 30th, 1933.) 

The Yariations in the degree of unsataration of the fats of adipose tissue in 
relation to depth from skin surface have received a considerable amouiit ot 
attention in domestic animals, but no similar analyses of human material have 

"been made. ■ . j.* a 

Spaeth [1893] was one of the earliest observers to^draw attention to tne 

difference in iodine value and melting-point of fats obtained from the back and 

from the kidneys of fat hogs. The kidney fats proved to have Iowct iodine values 
and higher melting-pouits than the dorsal tissues. Mansfeld [Henriques and 
Hansen, 1901] had also noted that the skin-fats of pigs and also of cows had 
higher iodine values than the fats adjacent to viscera. • i .<.1 

Lummert [1898] found that in three of the dogs which he examined tlieie 
existed differences between the iodine values of the fats obtained from skin 
and of those obtained from the region of the mtestmes from the same animal, 
but that there was no constant relationship to be found between the three 
different series as the average values revealed no real . planned 

On the basis of these observations Henriques and Hansen 
to determine if the above-mentioned differences m composition of fat liom 
difflent parts of an animal were constant, and if the f 
even greLr extent than had previously descnbed. Then mc^ 

extraction was simple, consistmg in melting the fats by 

being blown over them to prevent oxidation. Von Hubl s methf “Z, 

IZ% determinations was used. In addition they determined the sohdihcation- 

^*^^11 the^e^ddence of them experiments these workers put forward the inter- 
esting theory that the weU-marked differences which they observed were due to 
Sffectthat fat is deposited in regions of different temperature, the 

most unsaturated fats being deposited in human 

Since the present writers know of no similar data peitammg to human 

fat, it was thOTght of interest to present these analyses p 

of a more exhaustive examination into the composition and distribution 

fat in man. 
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Analytical methods. 

Tlie fats were obtained from comparatively fresh normal and obese human 
cadavers. The normals were aU male subjects, the obese female. 

The autopsies on the normals (fatal accidents) were performed from 9 to 
17 hom-s after death, the average time being 12 hours. In the case of the fat 

subjects, the sections were performed from .3 to 25 hours after death the 

average time being 13 hours. These latter eases included some of the most adipose 
female subjects which the vTiters have observed during a space of 4 years. In 
three instances in this group death was due to pulmonary embolism "following 
trauma. In another case death was due to rupture of a cerebral aneurism and 
in the remaining two cases nephritis and carcinoma were the respective primarv 
causes. 

The fatty tissues analysed included the panniculus adiposus abdominalis, the 
omentum, mesentery, perinephric and epicardial tissues. In some cases the liver 
triglycerides were examined. The maximum thickness of the abdominal adipose 
tissues of the series (8-75 cm.) was observed in a female 160 kg. in weight. Pre- 
liminary experiments emplojdng the extraction of the molten fat by heat w'ere 
ma.de but later abandoned owing to a tendency to contamination with tissue 
fluids. Subsequently the tissues were extracted three times with absolute 
alcohol and three times with ether in the cold. The extracts were concentrated 
to small volume by distillation mider reduced pressure at 40° in a partial 
atmosphere of COg. The residue was extracted with light petroleum, free from 
aromatic hydrocarbons, the petrolemn layer beurg separated, filtered and the 
solvent removed by distillation under reduced pressure at 40° in an atmosphere 
of CO 2 . The fats were stored in an ice-chest until analysed, the last traces of 
solvent being removed just prior to analysis. 

In the ease of the liver the phosphatides were removed by repeated pre- 
cipita^ion with acetone, traces of NaCl being present to facilitate separation. 

After two preliminary observations on the iodine values of the derived fattv 
acids it W'as decided to consider the triglycerides and free fatty acids by thern- 
seives, as the removal of the small amount of unsaponifiable matter did not 
appreciably affect the relative significance of the data. It was also decided to 
abandon melting-point and solidification-point determinations, since the fats 

lodme values of fats derived from fatty tissues. 

(a) Three normal subjects. 

Iodine value 


Tissue 

Panniculus adiposus abdominalis 

Omentum 

Perinephric 

Epicardial 

Liver (triglycerides)* 


Panniculus adiposus 
abdominalis 

Omentum 

Perinephric 

Liver (triglycerides) 


/ Outer half 
) layer 
Inner half 
i layer 


— 

Maximum Mini.mum 

'h 

Average 

73 

67 

70 

65 

62 

63-5 

66 

58 

63 

65 

62 

63-5 

134 

121 

127 

Six obese subjects. 

72 

68 

70 

73 

68 

70 

71 

67 

69 

65 

61 

63 

107 

72 

89 

-rt and Cuthbertson, 

1931.] 



ISTo. of 
obser- 
vations 

3 

2 

3 

2 

3 
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differed so little in their fluidity and since such determinations provided merely a 
qualitative test of the most solid and most fluid triglycerides and not a measure 
nf the degree of uiisaturation of the mixture. _ 

The iodine values were determined by the method of Wijs. This method was 
used throughout to preserve continuity with the earlier specimens of the series 
which had been analysed by this technique. It is well ImoTO that Wijs s 
iodising solution is very reactive to cholesterol and it might be thought that the 
wesence of this substance in varying amount might account for such divergence 
in the iodine values of the different fatty tissues as existed. Parallel observations 
bv this method and that of Rosenmund and Kuhnhenn (lasuda modifacation 
n dSlh on the fats and the fatty acids derived from them after removal of the 
uwanonifiable matter, indicated that the removal of the sterols, etc. did not 
alter^the relative order and preponderance of the different fats one to another in 
respect of their unsaturation. The Rosenmnnd-Kuhnherai method gave values 
about 6 % low-er than Wijs’s method. 

An excess of Wijs’s solution (about 200 %) was used. 

Discussion. 

It was assumed that if any difference in the degree of unsaturation of the 
outer and inner tangential layers of the 

exist in the human subject, these obese cases would have exhibited the maximum 

®^®It LTppS fromThe date tharno real difference existed between these 

two layers te the six subjects examined and further ntXr 

the fat of this tissue and the omental fat was insigmficant. The iodine numbei 
nf the nermenhric fat was, on the other hand, sigmficantly lowei. 

t the .oimel sebje.t., no dlviion of the 

tissue into outer and inner layers was possible. It is of interest that the degree 

the^btteSou perinepMc and epicardial 

fSs. ^lShTtnrn of the same order of saturation as the permephric fat 

“'"^The'cSSLity in the degree ^ unsater^ 
omental fats of the obese group may point to these tissues oein,, 

material of similar character. i-n +1 ip com nositioii of the storage 

It is apparent that the ^i^tmct differences m the rHenriques 

fats at different depths from the skm sni excepted are not, or at least 

a,„d Hansen, 1901 ] in the lo«r ™'®-'lS,f°!nQSSatitT of diet of these 
only to a mine, eatent, mpro^d m 2”“tya.Uch.t,a and 

two omnivores may account foi this, as , dietary fat, the less will 

Hilditch [1931] indicate that the more body fats, 

be the differences in the 

This explanation is more probable ^ subjects 

It is of interest that the ^glyf nd^s f the hver ot^ m 

in whom this tissue ®™“f^/^ormaltroup, an observation in harmony 
unsaturation as compared with the normal i > 

with the morphological appearances. 
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Summary. 

1. The average iodine values of the fats of the panni cuius adiposiis abdo- 
miiialis, omental, perinephric, epicardial and liver tissues of normal men were 
70, 63*5, 63, 63-0 and 127 respectively. 

2. In obese women the average iodine values for the fats of the outer and 
inner layers of the panniculiis adiposus abdominahs, the oineiitum, and the 
perinephric and liver fats were 70, 70, 69, 63 and 89 respective^. 

In conclusion we vish to express our thanlvs to Prof. J. Shaw Dunn for his 
kindness in supplying us with suitable material. 
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\ ntimbfk of investigators have examined the cerebrospinal duid for potassium 
A contains 25-50 % less than the serum. The averaged serum 

of the diSerent obsorveM v»y very m«oh. .ml, .Itho.gh ‘Heit 

1 ' flnifl values are more consistent, the range of scatter oi the 

cerebrospmal L _ considerably from one observer to another. Thus in 

serum Parhon and Werner [1932] found relative^ little scatter (16-4-18-9 mg. 

AT- 100 CG 1 but fi< 3 'ures ranging from. 15 to 27 mg. have been given by others. 

SrvS'and Mr com&n? vduo. (IS-T^lMmg. per 100 oc. have to 

reported bv Duliere [1931], who separated the plasma from oxalated blood . 

...hihirll-it asi possible after removal fa-om the body. _ 

^In^the^CRE Duliere again found relatively constant potassmm values, 
in tlio Others, however, while agreeing on this 

S:;* rs tod S S rv^ito, a e^ple lO-lS h.g, IBalM aed 
^^ThThtiatare’on this subject has been reviewed 

Hartman [1925] and more recently by Lierle and bage [19o2J and need not b 

“is^mmrrUv agreed that the whole of the potassium of serum diffiisMe 
[eu Rona et «?. 1924; Massaut, 1931, L 2], but Oreene and lower [19ol], vho 

utolj. to dialyto^^ to find 

eolitam about as 

rftoetorebito»tod g^ invastig.tioi, of toe liter.lute 

hydroceles and ^scitic hi- T oAb al. [19221 obtained an average of 

showed widely dittering results. mostlv ascitic whereas the corre- 

9-77 mg. K per 100 cc. m ^qq Three examples of potassium 

sponding serum value was 16-0o m». p- i ig-i-ii were 70-80 % of the serum 
in oedema fluid given by Salvesen and LmdeU1923] 

values. The M.vidu.l figures in dogs, tod to.. 

Loeb et al. Greene et al. P serum. On 

the potassium content of the thud ^ had an average of 13 mg. K 

the other hand ascitic ^ ^in“hdi seJa. Contrary to these findings are 
per 100 cc. compared with L “ rmil who found the potassium of 

Lse of Dumitresco-Mante ^d tneX) somJwhat higher 

centrifuged pleural fluid to be equal to, or (more ^eneia „ ; 

t,ba,n, that of the corresponding serum. 
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Comparison lias also been made between serum and ocular fluids, witii 
equally divergent results. Tron [1926] using ox and horse, and Leberiiiaiin 
[1925] using rabbit, found only some 70 % of the semm-K in the vitreous and 
aqueous humours. Duke-Elder [1927], however, who has brought fonvard ver^r 
complete evidence that the ocular fluids are true ultrafiltrates, obtained a close 
approximation between the serum- and aqueous-|)otassiiim. Stary and Winter- 
nitz [1932] also found close agreement between the potassium of the ventricle 
fluid of the eye and that of the serum-ultrafiltrate, both being somewhat higher 
than the serum value. Cohen et al. [1928] compared vitreous ivitli cerebrospinal 
fluids and found average values of 24-9 mg. per 100 cc. for the former and 
19*5 mg. for the latter., Both these figures are high and no serum values are 
given ; nevertheless the ratio of the two suggests that they are not both formed 
from the serum in the same way. 

In considering the reason for serum values being higher than those of the 
C.S.F. or other body fluids, one must remember the possibility that the higher 
serum values may be due to the potassium in the corpuscles leaking into the 
serum during the formation of the clot, since the lowest figures for serum 
potassium have been obtained on rapidly separated plasma [Diiliere, 1931]. 
There is also the fact that some 24 % of the serum-potassium has been held by 
one group of workers to be non-diflusible [Greene and Power, 1931]. 

The present investigation has been prompted by these uncertainties and by 
the importance of the result in assessing how far the C.S.F. can be regarded as a 
serum -ultrafiltrate . 

Methods. 

Blood was collected chiefly from in- and out-patients of King’s College 
Hospital; some specimens were obtained from the National Hospital, Queen 
Square. The general technique has been described previously [McCance and 
Watchorii, 1931]. When for special purposes (see Table III) it was desii*ed to 
separate the serum from the corpuscles as quickly as possible, the following 
procedure was adopted. A S.I.M.A. serum needle (Down Bros.) with rubber 
tubing attached was inserted into the vein. The patient was then bled with light 
constriction direct into a large paraffin-coated tube which was immediately 
centrifuged at high speed for 4-5 minutes. The supernatant fluid w^as pipetted 
of! rapidly into another smaller centrifuge -tube and allowed to clot. This white 
clot was later broken up and clear serum obtained by centrifuging. The C.S.F. 
was withdrawn 15 minutes after the blood. 

For the majority of the analyses Kramer and Tisdall’s [1921] method was 
used. Determinations were made in duphcate at least, frequently in triplicate 
or quadrupMcate. Some idea of the accuracy of the method may be obtained 
from the following figures obtained on the same large sample of mixed sera. 
Each ultrafiltrate figure represents a separate filtration. 

Serum Ultrafiltrate 

(mg. per 100 cc.) (mg. per 100 cc.) 


2640 

29-04 

27-09 

27-59 

26-40 

27-22 

26-08 

29-74 

26-71 

27-59 

— 

29-24 


A few of the later determinations (including all those in Table IV) were 
made by Jacobs and Hoffman’s [1931] colorimetric modification of Kramer and 
TisdaU’s method. This enables the precipitate of potassium cobaltinitrite to be 
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1 „/! with alcohol in wMoli it is completely insoluble. This excludes also the 
washed mthalcol oxidation of organic matter, 

debris by the permanganate in the titration method. The oolori- 
’^’*^'tric method "a\4 closer agreement between duplicates than did the titrimetnc 
fnd wa“ M particular advantage in dealing with body fluids other than serum 
rq f «; F hi which a great deal of organic matter is sometimes precipitated. 
In these’ oases the coloured solutions were hghtly centrifuged before matching in 

*^®The S^od of ultrafiltration used was the same as that previously described 
rMcCance and Watohorn, 1931]. 

Results. 

rroWf. T .allows the amount of potassium found in a series of sera, their 

corresponding ultrafiltrates and cerebrospinal fluids. The whole of 

coil 1 & tKa 'nA.rcAiitfl.p'e shown 111 the iiltrahltrates 


Diagnosis 
Cerebral tiiiiioiir 
Taboparesis 

Pareiicliymatous neplintis 
Diabetes 

Disseniiiiated sclerosis 


NeiirO'S^^pliilis 
Cerebral tumour 
Tabes 

Amyotropliic lateral sclerosis 
Ciriiiosis of liver 
? Syphilis 
Cerebral tumour 
’Epilepsy 

Meningo-vascular syjinilis 
Average 


'UM, SETUM-ultTOfiltTCltC, Ctiul 0 .S.F, 

Serum 

ITltra- 


per 100 cc. 

filtrate 

C.S.F. 

18-15 

20-76 

13-06 

17 -63 

19-06 

12-93 

20-24 

21-55 

11-23 

18-54 

20-24 

— 

21-03 

23-64 

12-80 

19-98 

23-90 

21-81 

13-71 

25-07 

12-93 

20- 37 
23-05 

21- 81 
17-15 

20-37 

24-14 

22-72 

18-56 

1241 

10-82 

10-82 

15-00 

18-56 

17-02 

17-66 

18- 69 
17-15 

19- 58 

12-67 

10-75 

22-53 

23-68 

— « 

17*56 

19-27 

12-67 

19-70 

21*20 

12-45 


Table II. 


Additional O.S.F. -potassium values. 


Diagnosis 
T.B. meningitis 


Meningococcal meningitis 

Clironic’iieiiliritis ^ , 

Trauma with neurological signs 
Spinal tumour 
Tumour of cauda equina 
Meningeal baemorrhage 
Cerebml arterio -sclerosis 
Cerebral cyst and tumour 

Average 


{mg 


C.S.E. 
per lOO cc.) 

13- 19 
1149 
1345 

14- 07 
11-62 
12-95 
12-22 

8-16 

9-79 

11-78 

11-01 

11- 44 
7-96 

12- 69 
11-87 

11-58 



same patients at the same 

Bioobem. 1933 xxvii 


e serum-proteins, ^ 

time invariably contained less potassium than the 

70 
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serum,. A further series of cerebrosjpinal fluids (Table II) also failed to give 
values approaching those usual for serum. All the sera in Table I had been left 
ill contact with the corpuscular clot for some 6 to IS hours before separation. 
A further series of comparisons therefore was luidertakeii in which the effect 
on the serum -K of leavmg the serum in contact with the corpuscles was studied. 
Erom Table III it appears that there is no apjireciable diffusion of potassium 


Table III. Potassium content of serum in contact with clot a,nd of G.S.F. 


Serum 

Time in 

Serum 

Time in 

Increase 

C.S.F. 

(ing. per 

' contact 

(mg. per 

contact 

(mg. per 

(mg. per 

100 cc.) 

with clot 

100 cc.) 

with clot 

100 cc.) 

100 cc.) 

18-31 

0 hours 

23-05 

18 hours 

4-74 

10-82 

17-66 

0 „ 

20-22 

18 „ 

2-56 


15-78 

0 „ 

17-09 

10 „ 

1-31 

11-44 

18-23 

0 „ 

21-08 

18 „ 

2-85 

13-37 

17-87 

0 „ 

18-27 

20 

0-40 

15-15 

lS-27 • 

0 „ 

2M5 

19 „ 

2-88 

13-26 

15*39 

0 „ 

17-58 

IS „ 

2-19 

12-69 

17-15 

0 „ 

17-15 

5 

Nil 


18-51 

0 „ 

18-82 

7 „ 

0-26 



17-02 

0 » 

17-28 

7 

0-26 

___ 

19-70 

0 „ 

19-91 

7 „ 

0-21 

11-97 


out of the corpuscles for the first 7 hours after taking blood, but that later the 
seriim-K slowly increases. These results therefore show that the potassium in 
the C.S.F. is generally much below that in the serum and that although potassium 
does tend to leak from the corpuscles after about 7 hours this does not account 
for the serum/C.S.F. relationshiii. 


Table IV. Potassium in various fluids. 



Potassium 

Protein 


Serum 

Fluid 

Serum 


Fluid' 


(mg. per 100 

cc.) 

% 


o/ 

/o 

Hydrocele fluid 

16-43 

16-57 





»? 

14-33 

15-26 






}9 

16-57 

15-10 







— 

18-27 







16-95 

18-04 






14-91 

17-18 






Pleural fluid 

16-56 

14-06 





18-69 

18-74 






18-02 

19-91 

7-2 


5-1 

Ascitic fluid 

19-30 

17-96 





17-44 

16-08 

2-7 


0-18 


13-32 

16-28 

— 



Average 

16-59 

16-87 





Table IV shows that the amount of potassium in effusions was found to be 
approximately equal to the amount in the corresponding sera. This is the relation- 
ship characteristic of the ultrafiltrates and is in agreement with the fiiidiiio's of 
Dumitresco-Mante and Petrovano [1931]. 

Discussion. 

The average C.S.F.-potassium was 12*05 mg. per 100 cc,, which is slightly 
higher than the figure usually given. Most of the values are close to this average, 
but the range of variation seems to be greater than in the case of calcium and 
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ma»nesiiim [MeCance and Watchorn, 1931 ; 1932 ; Watchorn and McCanee, 
19321 No constant variation of the cerebrospinal fluid-potassium in any one 
direction in any specific disease has been observed. The fall in magnesium in 
the C S.F. in cases of meningitis is not accompanied by a fall in potassium. 
Further Tables I and III show that no constant relationship has been found 
between’ the serum and the corresponding C.S.F.-potassium; high serum values 
were frequently accompanied by low O.S.F. values and vice versa. The average 
value for serum separated as rapidly as possible without the use of anticoagulant 
was 17-6 mcf. per 100 cc., and the average for the eorrespondhig cerebrospinal 
fluids was 12-7 mg. per 100 ec. In no case did we succeed in obtaining a serum 
value as low as that of the corresponding cerebrospmal fluid, nor such low values 
as Duliere [1931] reported. Even Dulik-e’s sera figures were, however, higher 

than those of his cerebrospmal fluids. _ ,, , , 

Whatever may be true of sodium [see Dailey, 1931] it appears that, whereas 
the whole of the potassium of serum is ultrafiltrable (and the amount found in 
efl’usions can be thus explained), the level found in the C.SJ. represents at 
most 65-70 % of that found in the serum. Massaiit [1931, 1, 2] and Krai aL 
119291 disciissmg similar results, consider that they are not m keepmg vuth the 
view that cerebrospinal fluid represents an ultrafiltrate 

With this opinion we are in complete accord and suggest that the O.S.F. shoul 
be compared with the intestinal secretions [Gilman and CowgiU, 1933] which 
are isotonic vfith blood but contain very different ionic concentrations. 

Conclusions. 

1. The whole of the potassium of serum was found to be ultraffltrable and 
the level of potassium found in hydrocele, pleural and ascitic fluids may e 

^""^“e^otessSui the cerebrospinal fluid was always found to be lower 
than that L tl5 serum, and consequently lower than that found m serum- 
ultrafiltrates or effusions. So far as potassium is concerned, therefore, the C.S.F. 
does not represent a serum-ultrafiltrate. 

We take this opportunity of thanking aU those who have from time to time 
allowed be investigated or who have helped with the collection of 

One of us (E. W.) is indebted to the Medical Research Council for a fuU-time 
personal graii and ke other (R. A. McC.) for a part-time grant. 
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CXLVIIL A STAINLESS STEEL HIGH»PRESSURE 

ULTRAFILTER 


By SYDNEY JOHN FOLLEY 
AND ALEXANDER TOROYIL ROBERT jVL\TTICK. 

From the National Institute for Research in Dairying, University of Reading, 

{Received July 1st, 1933,) 

Many bioclieinical processes involve tedious filtratioiis wliicli are often rendered 
more difficult by the impossibility of removing vein^ fine particles means of 
filter-paper. Solutions coiitainiiig impurities in fine suspension wMcii are not 
removed on centrifuging at 4000 r.p.m. can usually be clarified by passage 
through suitable filters. Application of reduced pressure is, however, contra- 
indicated ill the case of sokitions of capillary active substances such as proteins, 
on account of frothing which inevitably results in contamination of the filtrate 
bv coagulated protein (Rainsden phenomenon) and also because of the excessive 
time required for filtration of considerable volumes of solution. 

In order to facilitate the preparation of certain protems which is being 
undertaken at this Institute, an apparatus has been designed by means of which 
positive pressure filtration of liquids can be effected at pressures up to 120 atmo- 
spheres, the maximum pressure obtainable from commercial nitrogen cylinders. 
For clarifying liquids and for bacteriological purposes, Seitz ‘‘Entkeimungs- 
schichten,” size 6, or suitable large-pored collodion membranes may be used 
with this apparatus, while for high-pressure ultrafiltration circles of cellophane 
Nos. 300 or 600 supported by 6 cm. circles of No. 42 Whatman filter-paper are 
suitable. 

The apparatus described differs from those of Bechhold [1907], Aitken and 
Kay [1927], McBahi and Kistler [1931] and Nicholas [1932] in that it is made 
of “Sta^ffirite Austenitic’^ steel throughout, possible electrolytic effects due to 
the use of more than one metal thus being eliminated. A surface of austenitic 
steel appears to be more inert to protem solutions than the surfaces of brass, 
nickel, bronze or silver used by the above authors. 

Various aspects of the apparatus are clearly shown in Figs. 1—4. The cylindei, 
of 370 cc. capacity, is closed at the top by a cap provided with a pressure gauge 
and needle valve to which is attached a specially designed cotton- wool filter 
(Fig. 4 ) which prevents entry of particles from the feed pipe and gas cylinder. 
This cap when tightened against the fibre insert in^the upper rim of the cymider 
need not be removed, suice the filter is charged with liquid through the tapped 
hole carrying the pressure gauge. The filtering medium, supported by a stamiess 
steel gauze (100 mesh), in turn supported by a perforated steel plate, is pressed 
tightly against the fibre insert in the bottom of the C3iinder when the annular 
screw cap is tightened against the shoulder of the funnel which co ects e 
filtrate. The upper rim of the funnel is ground perfectly flat in order to make a 
gas-tight joint. A locating dowel welded into the upper rim of this funnel 
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prevents twisting of tlie filtering medium during assembly. Lugs welded into 
tlie circiiiiifereiice of tiie filter, as shown in Fig. 1, enable the whole to be 
asseiiibiecl by means of a key and the socket of cast iron 
iHiistrated in Fig. 5. This socket is fixed to a block of 
hardwood screwed to the floor. When using Seitz filters the 
apparatus may, if desired, be autoclaved after assembling. 

A smaller filtering area than might have been obtained 
for the same capacity of filter was chosen so that standard 
6 cm. Seitz pads could be used, and so that small volumes 
of liciuicl could be dealt with without undue loss. 

The filter is connected through the needle valve and 
dust filter to a nitrogen cylinder by means of a flexible 
copper pipe tested to a pressure of 5000 Ib./sq. mch. It 
is quite safe to apply full C3rlinder pressure to the filter as it also is tested to 
5000 Ib./sq. inch. Filtration at 110 atmospheres through Seitz pads is veiy 
rapid and even tliroiigii cellophane No. 300 about 100 cc. per day of a 0*6 % 
solution of bovine^ serum -albumin maj^ be ultrafiltored. 

This apparatus lias proved invaluable for numerous purposes such as clarifi- 
cation of biological solutions unaffected by centrifuging, sterilisation of bacterio- 
logical media witlioiit application of heat and fractionation of colloidal solutions 
by iiltraiiltratioii. 

SXJBIMAEY. 

A higli-prcissi'i're iiltrafiltration apparatus constructed solely of stainless steel 
is described. Various applications of the apparatus are indicated. 

Our tli,anks are due to Mr A. E. Rowsell for his skilled technical advice 
in the design of this apparatus. It was skilfully made b^^ the Piilsometer 
Engineeaing Go., Reading, and it is a pleasure to express our gratitude ^ to 
Mr J. E. Clewes of that firm for the great car© taken by him in supervising 
its construction. 
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CXLIX. THE ACTION OF POLYHYDRIC PHENOLS 
ON UREASE; THE INFLUENCE OF 
THIOL COMPOUNDS. 

By JUDA HIRSCH QUASTEL. 

From the Biochejnical Laboratory, Cardiff City Mental Hospital. 

(Received July 1st, 1933.) 

It has been reported by the writer [1932, 1], in a discussion on enzymes that 
urease is poisoned by exceedingly minute quantities of polyhydiie phenols and 
IS completely protected from such poisoning by thiol compounds. This paper is 

concernecl with a description of these phenomena. 

Technique. 

The expe^ental method adopted was that described in a previous com- 
munication [Quastel, 1932, 2] on the effects of dye-stuffs on ureise. Briefly It 
consisted in exposing urease, prepared from soja, bean or jack bean, to a dilute 

added to the mixture, mid the ammonia formed at the termination of a sub- 
sequent horn s mcubation at 45“ was estimated by a suitable aeration method 
m e®, r?? sufficient to decompose 0-03 g.’ 

i e the im /i^ presence of phosphate buffer at an initial of 7-4, 

stances wa s'^10 cc "^P liberated bj’ the enzyme under these circum- 

stances was 10 cc. Preliminary experunents were performed to determine the 

fulfil tL abt?e crdltffinr'''*'°“’ appropriate quantity was taken to 

9 nStsof 1 part of soya bean meal with 

thfiepliiZ h?d centrifuging and diluting the centrifugate until 

^ f desired enzymic actnnty. On certain occasions the en- 

were mSaffir? 1'^® preparation so that proteins etc. 

the aS3 H'l prepared in a similar manner, 

i?foS to obS of centrffugate being much gi-eater (approximately 

m£e was obtiZ^^^ crystalline 

nSous of+W ^ Sumner’s method. Solutions or sus- 

LSS pSsb frequently examined for change of 

activity occurred^ ^ appreciable loss of 

phoSliaSffZfJ^®^^ ^ f preparation was added to 2 cc. Mff 

ffivestivation wt o pbenol and any other substancei undL 

3or Phi f r up to 9 cc. with distiUed 

water The mixture was meubated at 45“ for 1 hour 1 cc 3 °/ 

added and the hicubation allowed to proceed at 45“ for a further hour At ^he 
ment of the experiment!^**'^^'^'^^ enzyme were brought to jijj 7-4 at the commence- 
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end of this period the free ammonia was estimated on 1 ce. and compared with 
that obtained from urease treated under similar conditions but in the absence of 
the phenol {i.e. with a control experiment). 

The toxic action of polyhydric phenols. 

Representative results showing the effects of a number of polyhydric 
nhenols each at a final concentration of 1/10,000, on the activity of jack bean 
urease are recorded in Table I. The percentage inhibitions of the activity of the 

eiiz5riiie are given. 

Table I. Percentage inhibitions of activities of urease 
{jack bean) by polyhydric phenols IjlOfiOO. 

98 
2 

99 
96 

0 
96 
94 
51 
15 


Catechol 

Resorcinol 

Qiiinol 

Pyrogallol 

Phloroglucinol 

Gallic acid 

Adrenaline 

Protocatechuic acid 

Protocateclmic aldehyde 


The folio wins facts are of note: p 

(1) Of the tliree dihydrio phenols, resorcinol exhibits no inhibition of urease 
activity (vfithin the experimental error). Catechol and quinol, on the ot 

^^^^(^7)ThioS^ichiol is inactive, but pyrogallol is highly toxk 
3 The inhibitory action of catechol is decreased by the 
the molecule of a — COOH group (protocatechuic acid) or a — CHO „ioup 

in which the perceiyage 

of lack bean urease bv various concentrations of polyhydric phenols aie notea, 
2 ows th^ Xhol and quinol exert highly toxic actions at a concentration of 

1 pTt in a Smon. Pywogallol proves to be less toxic than catechol or quinol. 

Table II. Percentage inhibitions by various concentrations 
of polyhydric phenols {jack bean urease). 

Catechol 
Quinol 
Resorcinol 
Gallic acid 
Protocatechuic acid 
Pyrogallol 

The behaviour of adrenaline is of some f 
toxic to urease, but the toxicity varies greatly with 04 

For example, whereas adrenaline at a concentration f 
inhibitioifof the actmty of a jack 

40 % inlhbition of a soya bean preparation Seg in the fim of 

latter preparation contained a greater quantity of imp 

proteins etc. than the jack bean ^ qqq effected 96 % inhibition 

Simffarly adrenaline at a f 

of the activity of a crystalline urease 

of a jack bean preparation of the same enzymic strength. 


1/10^ 

l/KP 

1/106 

9S 

96 

80 

99 

95 

80 

2 

1 

0 

96 

57 

10 

51 

11 

0 

96 

91 

31 
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This behanour is very similar to that of many dyestuffs [Quastel 193 -> 
Tbsmce!'''' presence of proteins than 'in thdr 

Catechol and quinol, however, even at a concentration of 1/100 OOfi 
toxic to soya bean as to jack bean preparations of the sa ne enzv^Jor, / 
which indicates the very powerful afihiitv nf enzy mic content, 

urease for these dihydricVeiX ^ 

The mflmence of thiol compounds on the toxicity of polyhijiric phenols. 


Sulphur compound 
None 
Cysteine 
Glutathione 
Thiolacetic acid 
Bithiodiglycollic acid 
Sodium hydrosulphite 
-HoS water* 


Concentration 


O-Oo 

0*05 

O-Oo 

O-Oo 

0-02 


Percentage 

inhibition. 

95 

0 

33 

0 

93 
IS 
0 

1 ce. of t,!iis was added to 


dJls'"SrcriS“ZfjtZ:„"rSi or quM 

results are shoi^m in Table t^wl compound present. Ty^pical 

SSf 1 ^ percentage inhibitions of urease 

-- T^ in the IresZTe 
of varying concentrations of thiolacetic acidfi. 

Concentration of 
catechol M 

’’ 2-7 X 10-5 

5*4 X 10~5 


Concentration of 
thiolacetic acid M 


Concentration of 
quinol M 

1-8 X 10-5 


% inhibition 
of activity 
84 
66 
45 
12 


hi X 10“ 
2-7 X 10- 
0*4 X 10“ 


* Present as the Na salt. 


97 

76 

60 

99 


Similar rGSlllts to tilOSG o^ivon l-n TPo'kT ttt 1 TTTr 

soya bean urease and ivith a crvstalUup obtained wit 

of 1/10,000 concentrations o^aSiirwn T t 

•well as those of catechol and ouinol are ’ acid and gallic acid a 

acid. The oxidised form TiSmToZ 0-05 % thiolaceti 

detoxicating action (Table III). ^ dithiodiglycollio acid— has m 
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The action of 2^otmsmm cyanide and of amino-acids. 

It is well kiiomi tliat urease is poisoned by traces of metals, the toxicity 
being entirely removed by the presence of cyanide. Snmner has shown that the 
decrease in activity of crystalline urease in aqueous solutions is to be attributed 
to traces of metals (probably copper) in the water — ^the addition of a trace 
of cyanide to the water restores the full activity of the enzyme. Jacoby [1933] 
lias recently made a study of the toxic actions of metals on urease and of the 
reactivating effects of cyanide and thiol compounds. ^ ... 

It seemed conceivable that the toxic effects of polyhydric phenols might be 
due to the presence of traces of metals. Recently the writer [1932, 2] has sliowm 
that iiYclroxvlamine is highly toxic to urease hut that the toxicity is entirely 
removed by the presence of 0-01 % potassium cyanide. Probably the hydroxyl- 
amine was eoiitaniinated vdth metals. ^ 

Iiivesti^^atioiis vuth catechol or qiiinol failed to show any reactivating action 
of -potassium cyanide when this was added to a mixture of urease and the 
nheiiol. For e'xaiiiple the activity of a crystalline urease preparation wm 
Lstroved to the extent of 97 % by the presence of 1^0,000 catechol. On 
addition of 0-01 % potassium cyanide the inhibition of activity became Jb /o- 
When a much more dilute solution of catechol was used a very slight protective 
action of the cyanide was found, but with quinol as the toxic agent the writer 
has failed to find any protective action of cyanide (see Table V). 

Table T. Percentage inUbition of urease {jack bean) activity by catechol 
and quinol in ipfesence of KCN and amino-acids. 


Control 
KCN (0*01 %) 
Glycine (0-1 %) 
Aspartic acid (1 %) 


Catechol 

1/500,000 

89 

78 

61 

35 


Quinol 

1/100,000 

100 

100 

100 

100 


Tt annears very unlikely from these results that metaUie impurities m-e 

dilute solutions of catechol such protection can Alse of the 

aspartic acid, but the degree of protection is far smaUer than m the 

dyestuffs. Typical results are shown m lab e _ . 1/100,000 no 

Witt . oonoentation ot “‘f? wS »S.^^to4V(Jf/S0) 

protective action by amino-acids has be brilliant meen (1/50,000) 

which protects urease against the toxic ’ 

failed to show any protective for urease 

These results show that the most toxic dye- 

is far greater, under comparable conditions th 

stuffs yet investigated. This particularly s(^um fail to protect 

that the presence of proteins such ^ 

urease from the toxic action of catecho ( / h etyo--white does not 

It is, l.ow.«r, a foot ot ttmo mttmt effective, 

protect urease (jack bean) agamst catechol, boiled egg wnim j 
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E.g.^ iiiliibitioii of urease by 1/500,000 catecliol in presence of 1 cc 10 
egg-wliite is 89; % inhibition of urease by 1/500,000 catechol in presence of 
1 ec, 10 % boiled egg-white is 7. 

The most likely explanation of this phenomenon in view of the protective 
ettects^ of thiol compounds akeady described is that the action of boiled eo-o-„ 
white IS due to the liberated thiol groups. 

Mode of action of catechol or quinol, 

Al!?! catechol or quinol are clue to theii’ hydroxyl groups it is 

mechanism of action of thiol compounds or of sodium 
liydrosnlphite m producing a reactivation. Since the possibility of metallic 
compounds being responsible for the toxicity of the dihydiic phenols is remote 

?/thnSs* tf W^^ence of oxidation products 

’ ^ f-! being reduced by thiol compounds or 

t^i *0 inert compounds. Two oxidation products suggest 

phenol ' * iS'drogen peroxide, (h) the quinone corresponding to the dihydric 

Hydrogen peroxide has a powerful in- 
liibitoi> ettect on the activity of urease, but a comparison of the toxicities of 

equivalent concentrations shows the latter 
to be the more toxic agent (see Table VI). 

Table VI. Percentage MUion of urease (jack bean) acHvUy by catechol, 
hydrogen qieroxide and "^hyj)eroV\ 


Catechol 

Hydrogen peroxide 
“Hyperol” 


Concentration 

M 

1-8 X lO-s 

1- 7 X 10“^ 
4-4 X 10-1 

2- 1 X 10-1 


. ''"0 

inhibition 

85 

28 

52 

39 


equimolecular compound of urea and hydro ven peroxide! is 
a o ess toxic than catechol. It foUows that the toxicity oAhe kttefdrnnS 

the dihydridphdnd. hydi-ogen peroxide in ' the aqueous solution of 

at eauivalen/^nn comparing the toxicities of quinone and quinol 

T.M. VII. P^ce^tag, mhibUicm Min,, g, 


Quinol 

Quinone 


Concentration 

1 / 2 , 500,000 

1 / 2 , 500,000 

1 / 5 , 000,000 


inhibition 

64 

98 

57 


ovt » “VaLf -r^se (jack ton), a, .spe*ae„tal 

&?7tTr 

rue oiaer ot 1 part m 5 miUions, smce exposure of the solutions 
Prepared by adding 1 ee. fresh egg-white to 9 oo. water. 
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to atmosplieric oxygen takes place freely under the experimental conditions 
employed. Experiments under anaerobic conditions have been carried out ivitli 
a view to determining whether qiiinol w^as less toxic under these conditions, but 
the results were not satisfactoiy and mostly negative, owing, it is believed, to 
the difficuitj’ of reiiioviiig all traces of oxygen and of obtaining a specimen of 
qiiinol which could be assumed at the outset to be free from traces of quinone. 

If the toxicity of quiiiol or catechol is due to the presence of the corresponding 
quinone in the aqueous solution and the protective action of thiol compounds 
is due to reduction of the quinone, it would foUow : 

{a) That the toxicity of a mixture of catechol and hydrogen peroxide ^shoiild 
be o-reater than the sum of the individual toxicities owing to the production (by 
interaction of the peroxide with catechol) of a quinone more toxic than the 
hvdrogen peroxide. 

(b) That the amount of thiol compound necessary to protect urease troni tiie 
toxic action of quinone should be greater than that necessary to protect urease 
from the toxic action of an equivalent concentration of quiiiol. 

These predictions were verified by experiment. The following are typical 

results. 

1. Toxicity of a mixture of catechol and ^'liyperoV toivards soya bean urease 
{‘purified by GO 2 precipitation), 

(а) Percentage inliibition of activity due to 1/5,000,000 catechol 30 

{b) Percentage inliibition of activity due to 1/50,000 ^diyperol” 5 

(c) Percentage inhibition of activity due to a mixture of 

1/5,000,000 catechol and 1/50,000 ‘diyperol” ... 37 

2. CompaHson of the protective actions of fMolacetic acid against the toxic 
effects of (juinol and quinone {jach bean urease), 

{a) Percentage inhibition of activity due to 1/10,000 quinol 99 

(б) Percentage iiiiiibitioii of activity due to a mixture of 

1/10,000 quinol and 1/20,000 thiolacetic ackP ... 1- 

(c) Percentage inhibition of activity due to 1/10,000 quinone 100 

(d) Percentage inhibition of activity due to a mixture of 1/10,000 

quinone and 1/20,000 thiolacetic acid 

On increasing the thiolacetic acid^ concentrations in (5) and (d) to 1/5000 
the percentage inhibitions fell to 3 % in {h) and 14 % in (d). 


Biscussiox. 

The evidence as a whole appears to be in favour of the ^ew that Mg 
toxicities of catechol and quinol towards urease are due to the presence oith 
corresponding quinones in the aqueous solutions ® f to 

powerful protective effects of thiol compounds can then be exp amg c^i e t 

reduction of the quinones to the dihydrio phenob- Presumably the toxicities 
of other polyhydric phenols are explicable on a similar basis 

The isiilts are of interest in indicating the ^ 

than the metals, which are exceedingly toxic to urease and whose effects can bo 

1 BauSorand tyer [1933] have recently shown that o-qninone is reduced by cysteine to 

cateciiol. 
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eliminated by the presence of thiol compounds. The fact that the diliydrie 
phenols and their corresponding quinones are widespread in the biological 
kingdom lends biological significance to these results and points to the possibility 

that tissue extracts may well contain natural inhibitors to enzymes quite 

apart from metals — whose effects are diminished or eliminated by sulphydi-yl 
compound, s. 

Summary. 

1. Of the three dihydric phenols, catechol and quinol are exceedingly toxic 
to urease but resorcinol is -without action. Quinol at a concentration of 1 part 
in 2 milHons will remove over 50 % of the activity of urease under the experi- 
mental conditions employed. 

2. Adrenaline, protoeatechuio acid, protocatechuic aldehyde, gallic acid and 
pyrogallol are toxic to urease but less so than catechol. Phlorogluoinol is without 

3. Tlie toxicity of catechol or quinol at concentrations as low as 1/100,000 
is not affected by the presence of potassium cyanide or amino-acids. This 

distinguishes the toxicity of catechol or quinol from that of metals or that of 
dyestuffs. The presence of protein (serum or egg-white) does not protect urease 
from eatechol. Boiled egg-white has a protective action (due probably to 

liberated thiol groups). 

4. Thiol compounds (cysteine, glutathione, thiolaoetic acid, H,S) and 
sodium hydi'osulphite diminish or eliminate the toxicity of polyhydrie “phenols 

to urease. ^ ^ 

5. Hydi'ogen peroxide and “hyperol” though very toxic to urease are less 

SO than catechol. 

6. Quinoiie is more toxic to urease than quinol. 

7. Evidence is given to show that the toxic effects of eatechol and quinol 
are probably due to the presence of the corresponding quinones in the aqueous 
solutions of these dihydric phenols, and that the protective action of thiol com- 

pounds is due to reduction of the quinoiie to the corresponding dilij^dric phenol. 

The writer is indebted to the Medical Eeseareh CouncU for a grant towards 
the equipment of this laboratory. 
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CL. METABOLISM OF NORMAL AND 
TUMOUR TISSUE. 

IX. AMMONIA AND UREA FORMATION. 

By frank dickens and GUY DRUMMOND GREVILLE. 
from the Ooiirtauld Institute of Biochemistry, Middlesex Hos'pital, London, W. 1. 

{Received July 1st, 193S.) 

4s lias been iiidica-ted in Part VIII of this series [Dickens and Greville, 19335 1], 
the oxidation of protein by animal tissues may lead to different values of the 
respiratory quotient according to the nature of the nitrogenous end-products. 
The calculation of the theoretical values of r.q. from protein oxidation is 
difficult but arbitrary values showing the order of n.Q. to be expected may be 
derived \isiiig Loew/s [1911] figures for the analysis of meat protein and 
assuming the complete elimination of the protein-nitrogen as ammonia, 
or uric acid. When this is done the values obtained are approximately 0-94, 
0-8 and 0*7 respectively. If, then, protein oxidation becomes an appreciable 
part of the total aerobic metabolism, the n.Q. may be greatly altered m a 
direction determined by the nature of the nitrogenous end-product, so that lor 
the interpretation of the r.q. it is important to establish the extent and nature 
of the protein oxidation and to assess its influence on the respiratory measure- 

Whilst numerous estimations of ammonia formation in isolated animal 
tissues have appeared, relatively few of them apply to the conditions of our 
experiments, and in still less has any correlation with the respu-atOTy exchange 
been attempted. In the present paper we record estimations of NHg formation 
imder the conditions previously employed for the classification of tissues ac- 
cording to their level of b.Q. in glucose-containing media [Dickens and bmer, 

1 2 • 1931 21 The effect of sugar deprivation on the metabolism has aireaay 
been’ d;scrib;d [Dickens and Greville, 1933, 1, 2] and we therefore include 
measurements of NHg formation in glucose-free media. 

effect of other sugars we have extended the measurements to the hehavioui of 
tissues in fructose. In aU these cases simultaneous measurements of resp^atory 
and glycolytic exchange have been earned out on the same portions ot tiss 
as thoL used for the ammonia measurements. In addition, in a few selected 

oases the urea formation has been simultaneously estimated. 

Methods, 

The respiratorv measurements were made by the methods of Dickens and 
Simer in phosphate- [1930, 1] and in bicarbonate-Rmger solution [19ol, IJ. 
Thin slices of tissue, prepared immediately after the death of 
wen rmsed by suspending in oxygenated Rmgei ® 

minutes Equal weighed portions (usuaUy 70-100 mg. wet weight) Avere then 
SZSrd ?o Binge? soluln (1-5 to 3 cc.) contained fa the ™ 

provided vdth side-hulbs containing a shght excess of 2N HCl. The imtial Ph 
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of the Riiiger solution was 7-4 and when glucose and fructose were added their 
concentration was 0-2 % . For each experiment two such vessels were used, 
placed side by side in the thermostat at 37°. After shaking for 10 mmutes the 
add was added from the bulb to one portion, which was removed from the 
bath after the necessary measurements of pressure change giving the CO, con- 
tent, and the contents were used for detei-mination of the preformed NHg". The 
respiratory experiment was continued with the other portion of tissue, which 
w-as treated similarly at the end of the experiment. The difference of ammonia 
contents, con-ected if necessary for any difference in the dry weights of the two 
portions of tissue, gave the ammonia formation during the experimental time 
of 2 to 5 hoin-s. A sunilar procedure was used for the anaerobic experiments, 
which were made in biearbonate-Ringer solution saturated with nitroo-en con- 
taining o % COg. 

Ammonia was estimated by the method of Stanford [1923] with the modifi- 
cations recommended by Watehorn and Holmes [1927] and Billow and Holmes 
[I932J. Deproteinisation, by addition of a slight further excess of .V HCl 
(0-1 CO.) and 10 % sodium tungstate (0-5 ce.), was used in some experiments; 
and whilst tins was found advisable with some tissues, particular^ with spleen 
with which without deproteinisation foaming may occur during distillation, its 
use did not ever materially affect the ammonia values obtained. Ammonia-free 
water and tested reagents were used, and no ammonia -was allowed in the 
laboratory. With these precautions the results of duplicate analyses agreed well, 
paiticuiariy when the ammonia-formation -was pronounced. For very small 
amounts (under 4y, say) the method is probably not sufficiently accurate; 
hough provided the quantities of tissue are sufficient, as in our experiments 
such experiments are of value in showdng that the amount of ammonia forma- 
tion is neghgible in relation to the total metabolism. 

figures for “preformed ’ ammonia estimations are often lacking from publi- 
cations on this subject. That they are frequently large, indicating a far higher 
ammoma content than that of the blood, for example, has been pointed out for 

uTiufff n confirms this; and 

n home of the other tissues quite high values were obtained (Table I) On the 

origin of Hus animonia, on the extent to which it is traumatic, we express no 

*'™“onia contents of different slices of the same 
summif, f e-xpenments, agree quite well; and nothuig 

m ofi to 1 “preformed” value is considerable 

®rg“hcant eixor m our measurements of the change in total 

ri93^>T wSlfrif and Henseleit 

oft;; 5 fese W quantities 

ammoffi^ i’ unaffected by the presence of 

11 4- ’ used powdered jack bean (‘k 4 iieo'''l witli 

e-xcellent results, as shown by analysis of standard ui4a solutions. ^ 

• EesiiUs. 

wluwc 5?^® extent of ammonia formation are collected in Table I 

-same iiieces of tissur«s'’thfd i ? ^ ^ II for the 

I - tissue as those used for ammonia estimation. Table III shows 
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Table I. Ammonia forrmtion. 

Ammonia-nitrogen, 10~® mg. per mg. dry tissue 


3 

2*25 

4-08 


24 B 

25 B 

26 P 

27 B 

28 B 

Kidney (rat) ; 

6 B 

7 B 

8 B 

30 B 

Testis (rat) : 

5 B 


2*5 

2*5 

3 


Liver (rat) : 

13 B 
12 B 

29 B 

Spleen (rat): 

9 B 3 

10 B 3 

Jensen sarcoma (rat): 
24 B 3 


Glucose 


Fructose 


No addition 


Exp. „ 

No. iMediuni (hours) 

Retina (rat) : 

1 P 5 

2 B 5 

3 P 5 

Testis (rat) : 

4 B 3 

5 B 3 

Kidney (rat) : 

6 B 3 

7 B 3 

8 B 3 

Spleen (rat) : 

9 B ^ 

10 B 

11 B 
Liver (rat) : 

12 B 

13 B 
Embryo ( chick )’'^ : 

a 14 B 

h 15 P 

G 16 B 

dYl P 

e 18 P 3 

/ 19 P 4-25 

Embryo (rat)*: 
g 20 B 3 

Yolk-sac (rat): 

21 B 3-87 

22 B 3 

23 B 3-17 

Jensen sarcoma (rat): 


Pre- 

formed 


3-6 

0-34 


0-07 

0-28 

0'S2 

0-12 

0- 40 

1- 03 

/0B3 

\0-36 


Final 


0-S4 


0-08 

0-23 

2-73 

2-55 

0-79 

1*10 

0-64 

0-63 


Pre- 

Diff. formed Final 
Aerobic experiments. 

-0-4 
0*50 


0-01 

-0-05 

1-91 

243 

0-39 

0-07 

0-31 

0-27 


DiS. 


3 

0-38 

0-18 

-0-20 

4 

0-64 

0-75 

0-11 

4-17 

— 

— , 

— 

3-5 

0-30 

0*34 

0-04 

3-5 

0-50 

0-74 

0-24 


0-30 

0-30 

0-00 

0-29 

0-32 

0*03 

0-32 

0-78 

0-46 

0-47 

0-15 

0-53 

0-14 

0-06 

0-01 

0-28 

0-35 

0-07 


0-17 

0-21 

0-04 

/l-l 

3-0 

1-9 

I1.5 

3*0 

1-5 

0-10 

0-09 

-0-01 

0-60 

2-01 

1-41 

0-16 

1-52 

1*36 

0-29 

0-67 

0*38 

1*40 

1-82 

0-42 

0-59 

0-59 

0-00 

/0-18 

0-20 

0-02 

\0*13 

0-22 

0-09 

0-42 

0-27 

-0-15 

0-51 

0-79 

0-28 

0-72 

0-70 

0-0 

0-16 

0-66 

0-50 

0-52 

0*78 

0-26 

0-89 

0-99 

0-10 

0-34 

0-82 

0-48 

0-25 

1-10 

0-85 

0-21 

0-30 

0-09 

— 

— 

— 

0-07 

0-28 

0-21 

0-22 

0-58 

0-36 

0-51 

1-06 

0-55 


Anaerobic experiments. 


3 

0-96 

1-68 

0*72 

0-47 

1*30 

3 

3 





— . 

— . 

— 

0-42 

1-97 

1-55 

0-55 

1-60 

9 

0-36 

0-26 

-0-10 



0 

0-71 

— 

__ 

— 

— 


3 

4 

3-33 


— 0-86 

0-34 — 

r 0-51 0*72 

\0-30 0 43 


045 


0-21 

043 


0- 83 

1- 05 


0*36 0-50 044 


Pre- 

formed 


2-3 

4-7 

0-32 

0-23 

0-53 

048 

0-2(3 

0-71 

0-40 

0-56 

0-23 

0-12 

0-54 

0-48 

0-51 

0-59 

0-25 

0-0 


0-74 

0-47 

0-16 

0-23 

0-29 

0-35 

0-60 


0-56 

0-23 

0-21 

0-21 


Final 

3-2 

6-4 


0-72 

0-61 


3*67 

2- 72 

3- 30 


1- 65 

2- 08 

2-38 


0- 14 
0-22 

1- 65 

1-00 

1-21 

1- 65 

2- 14 

1-70 


0-87 

0-71 

1*74 

0- 23 
2-52 

1- 91 

2- 78 


0-81 

0-23 

0-16 

0-75 


Biff. 

0- 9 

1- 7 

0-40 

0-38 

344 

2- 54 

3- 04 

0- 94 

1 - 68 

1-82 

-0-09 

0-10 

1-11 

0-52 

0- 70 

1- 06 
1-89 

1-70 


0-13 

0- 24 

1- 58 
0-00 

2- 23 

1- 56 

2- 18 


0-25 

0-00 

-0-05 

0-54 


0-49 — 

— 0-82 

—■ 1-42 


0-37 

1*0 


0-21 

1-10 


0*33 

0-93 


-0-16 

0*10 


25 

26 


B 

B 


3 

2-5 


— 

- 

— 

0-54 

1-75 

1-21 

0-65 

2-30 

1-40 

3-50 

0- 75 

1- 20 

1-01 

0-71 

-0-30 

0-40 

0-89 

0-49 

0-35 

0-57 

0-28 

0-87 

0-41 

0-86 

0-52 

-0-16 

0-58 


* Embryo dry weights 
Biochem. 1933 xxvii 


a, 6-0; &, 5-1; <?, 7-6; d, 7*6; e, 5-8; /, 8-3; y, 


G-8 mg. 
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Table II. 


Respiration, respiratory quotient and glycolysis. 


Exp. 
Ko. ] 
Retina; 
1 


Time 


Glucose 


3 

Tesf is; 

4 


B 

B 


Kid lie v: 
6 

7 

8 
30 

Spleen ; 

' ,9 
10 

11 

Limn 

12 

13 


B 

B 

B 

B 


4-OS 


Ciiick embryo: 
14 B ■ 


15 

16 

17 

18 
19 


P 

B 

P 

P 

P 


4 

4-17 

3*5 

3- 0 
3 

4- 25 


Rafe embryo: 

20 

Rat yolk-sac: 

21 B 

22 B 

23 B 

fJeriseii rat sarcoma: 

24 B 3 


3-9 

3 

3-lT 


25 

20 

27 

28 


3 

2*5 

2-5 

3 


Exp. 


Time 





^ 

E.Q. 

^03 




24-5 



0-94 

20-3 

22.5 

— 

0-88 

10-2 

6-S 


0-93 

6-9 

4-2 


0-87 

24-0 

-0-9 

4-8 

0-84 

19-3 

0-0 

1-8 

0-87 

22-2 

2-0 

7-0 

— 

— 

— 

3-7 

0-92 

10-8 

4-8 


0-89 

11-0 

5-3 



'’0-85 

17-0 

6-7 


^0-86 

14-6 

6-0 



_ 




0-67 

7-3 

2-8 

1-7 

0-95 

10-9 

4-5 


— 

13-3 



1-02 

9-1 

2-4 



1-02 

10-3 




— 

— 

— 



— 

— 

— 




0-97 IM 


5-2 — 


1*05 10-3 


0-81 13-6 


0*85 

0-83 


10-6 

.9-3 


2-4 

11-1 

9*3 


— 21*2 


Fructose 


No addition 


E.Q. 

^0;> 






0-94 

17-2 

0-3 

/1-02 

14-6 


10-99 

16-2 


0-82 

8-0 

2-1 

0-92 

24-6 

0-0 

0-91 

27-6 

0-1 

0-89 

24-9 

0-2 

0-81 

10-5 

3-6 

0-85 

12-7 

4-0 

— 

— 

— 

/0-79 

8-5 

2-9 

10-77 

7-4 

3-5 

0-78 

7-0 

3-0 

0-94 

8-1 

-0-6 

— 

12-1 


0-89 

8-5 

0-0 

0-95 

9-1 


0-96 

9-3 



0-87 

9-6 

— 

0-95 

11-4 

0-0 

0-98 

11-0 

1-1 

— 

— 

— 

, 

— 

— 



__ 


0-76 

11-3 

6-6 ; 

0-87 

13-1 


0-81 

14-1 

5-6 


^m" 


E.Q. 


1- 3 

2 - 8 


4*0 

3-6 


10-7 


Glucose 


Table III. JJ formation . 


Fructose 


Qo., 

3*0 

4-5 






0-82 

0-76 


4*8 

3-1 


1-8 

0-9 


0-84 17-3 -1-7 

0-80 19-0 -l-l 

0-79 18-9 -0-6 


1-1 

2*8 

1-3 

1*3 


0-83 

0-83 


8- 9 

9- 0 


0-3 

0-6 


6-6 

4-4 


0-70 

0-58 


7*8 

8-6 


2-0 

2-1 


1-4 

1-5 


0-91 


0-87 

0-95 

0-87 

0-89 


8-0 - 0-7 

11-1 ^ 


7*0 

9-0 

9-2 

8-3 


0-0 


0-78 


9-2 


0-91 114 

0-80 ll-O 
0-92 8-9 


0*3 

1-1 

1-1 


0-67 10-4 

0-73 12-4 

0-81 12-8 

0-73 9-1 

0-78 12-6 


0-4 

0-4 


0-7 

0-1 


1-2 

1-8 

1-4 


No addition 


31 

32 


B 4 

P 4 

Rat yolk-sac: 

33" B 4 

rat sarcoma: 
27 B 2-5 

Raf liver; 

34 B 3 


9 E.Q. 

F): 



^ure;i 

E.Q. 



Qurea 

E.Q. 



^urea 

— 

9-8 


-rO-1 

0-85 

0-96 

10-4 

9-7 

0-4 

00 
6 6 

0-84 

0-94 

GO 00 

-0-3 

0-0 

+0-1 

1-04 

12-0 

2-3 

-rO-1 
















— 

0-94 

11-8 

-0-4 

0-0 

0-83 

9-3 

9-3 

+0-2 





0-94 

11-9 

0-0 









— 

0-73 

9-1 

0-7 

0-0 

0-(30 7-8 

mm.3 urea-COo 

3*5 

-rO-2 

0-70 

9-0 

3*4 

H-0-1 

0-66 

8-3 

2-4 

d-0-3 


s- Q uim.-^ urea-COf, ^ 

(dryfeSiriVs- nig. urea per mg. per hour, multiply by 0-269 x 10-= ) 
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the results of simultaneously made estimations of urea. In this case the values 
of “'preformed’’ urea are omitted as they were in all cases negligible [cf. Krebs 
and Henseleit, 1932]. 

From the figures given in Table III it is emdent that in none of the cases ex- 
amined (rat liver, embr 3 ?' 0 , yolk-sac, Jensen rat sarcoma) was the urea formation 
appreciable when compared with the total metabolism, under the conditions of 
our experiments. The effect on the n.Q. of retention of carbon as urea to the 
extent indicated in Table III would be hardly detectable. Naturally, these 
observations apply onl}^ to washed tissues in ordinary Ringer solutions. Under 
special conditions, as in the presence of fairl}^ high concentrations of ammonia, 
the urea formation b}^ isolated liver tissue ma}^- be veiy large, as Eirebs and 
Henseleit have shown. It should be noted that these authors found that rat 
brain, retina, kidney, spleen, testis and jmlk-sac do not produce measurable 
amounts of urea, even under conditions which are optimum for urea formation 
by liver. Taking our results in conjunction with these, we may probably neglect 
the possibilit}^ of urea formation by the tissues discussed in this paper. 

Belationship of NH^ formation and respiration. In order to correlate the 
observed values of respiration {Qo^ wifh the ammonia formation it is con- 
venient to calculate the latter in similar units to the Warburg units for respira- 
tion: ©jstHs is then expressed in mm.^ NH 3 (at 0° and 760 mm.) formed per mg. 
dry weight of tissue per hour (10"^ mg. NH 3 = 1*32 mm.^). These values, and 
their means, have been collected in Table IV. 

These figures, taken in conjunction with the respmatory measurements 
akeady given, give an idea of the extent to which protein oxidation leading to 
ammonia may contribute to the total metabolism. Taking the figures used by 
Loew}^ [1911] for the anatysis of a t^^pical protein, and assuming complete 
elimination of all N as ammonia with complete oxidation of the remainder of 
the molecule, the calculation of b.q. for pure protein oxidation is as follows : 


100 g. protein 
Deduct for NHg 

„ S -oxidation 

„ intramolecular HgO 

Residue for oxidation 


C 584 


H 7-3 
3-6 

2-65 


0 22 < 


N 16*65 
16*65 


1*5 

21*2 


S 1*02 
1*02 


C 58*4 H 1*05 
Requires: O 2 155*8 -f 8*4-!- 1*5 = 165*7 g. = 116 1. 

Produces: CO 2 214*2 g. = 109 1. 

e.q. = ji^=0-94. 

Oxidation of 1 mg. protein thus requires 1160 mm.^ oxj^gen and produces 
1090 nim.^ carbon dioxide together with 0-202 mg. NHg (= 266 mm.®). Hence 

the ratio ^ mols. oxygen consumed _ 1160 _ ^ ^ apprOX. 

Onh:: ~ mols. ammoiiia produced 266 

for the complete oxidation of this protein to NII3, CO 2 , H 2 O and SO 3 . Since 
the tissue proteins vary somewhat in composition and it is uncertain how fai 
the oxidation follows the above course, it is clear that this value may only be 
used as an approximation, but as such it is a useful guide to the probable 
amount of ammonia-producing protein oxidation. In the right-hand ^ columns 
of Table IV are given the individual and mean values of the ratio ^<)oo/Qnh 3 * ^ 
the calculation of the latter the mean Qo., of all experiments with the given 
tissue (Table II) has been divided by the mean QnHs* 

Inspection of these figures shows that the ammonia formation is almost 
always greatest when no sugar is supplied to the tissue. In sugar-free media 

71—2 
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the amount of protein oxidation, if this be indicated by tlie ^Oo/Gnh, ratio, 
may rise to about one-lialf of the total respiration (retina, kidney, spleen, Jensen 
rat sarcoma). In the ammonia-producing tissues, with the exception of kidney. 


Table IV. Relation of mnmonia formation to respiration. 


Tissue 


Retina 


Testis 


Kidney 


Spleen 


Liver 


Chick embryo 


Rat emijryo 
Rat yolk-sac 


Jensen rat sarcoma 




rnols. 0. 

mhkTKH"; 


y- ( — ^02/^N'H3) 


Exp. 

Ko. 

1 


3 

Mean* 

4 
o 

Mean 

6 

7 

8 

Mean 

9 

10 

11 

Mean 

12 

13 
Mean 

14 

15 

16 

17 

18 

19 
Mean 

20 

21 

22 

23 
Mean 

24 

25 

26 

27 

28 
Mean 


Ko 


Glucose Eructose addition Glucose Fructose 


Ko 

addition 


-0*13 


0*29 

(-190) 



10*3 

0*16 

0*01 


127 

1700 




/0*60 



124 



\0*48 

0*55 


{34 

8*2 

0*02 

0*28 

0*42 

Large 

58 

9 

0*005 

-0*005 

0*21 

2000 ( 

: - 1700) 

23 

-0*02 

• — 

0*18 

(-350) 

17 

(-0*01) 

( -0*005) 

0*20 

Large 

Large 

20 

1*02 

0*75 

1*67 

23*5 

32*8 

10*3 

1*29 

0*73 

1*35 

15*0 

37*8 

14*0 

0*21 

0*20 

1*62 

106 

124 

11*7 

0*84 

0*56 

1*55 

26 

46 

12 

0*04 

0*22 

0*50 

270 

48 

17*8 

ro*22 

0*00 

0*90 

r 77 

Large 

10*0 

{ o *19 

— 

1*29 


— 

7*0 

0*12 

0*11 

0*90 

104 

105 

10 


/ 0*008 
\ 0*035 

-0*035 

— 

{s (- 

-220) 

-0*11 

-0*08 

0*053 

(-66) 

|~87) 

162 

-.0*11 

-0*01 

0*01 

( -ve) 

( -ve) 

(Large) 


0*044 

0*018 

0*11 


0*06 

0*00 

0*012 

0*23 

0*12 

0*032 

0*005 

0*04 

0*026 


0*11 

0*00 

0*23 

0*12 

0*05 

0*18 

0*12 

0*45 

0*04 


0*04 

0*11 

0*23 

0*29 

0*21 


0*44 

0*24 

0*32 

0*57 

0*71 

0*46 

0*91 


0*07 

0*12 

0*10 

0*84 

0*00 

1*42 

1*00 

1*16 

0*88 


250 

510 

94 


190 

Large 

920 

45 

89 

425 

2400 

230 

430 


* The mean values of 
values of 


74 

Large 

37 

76 

184 

53 

79 

25*4 

270 


270 

103 

57 

49 

61 


18 

31 

28 

16 

11*7 

20 

10*1 


160 

75 

104 

12*4 

(Large) 

9*0 

9*1 

10*9 

13 


KHj “®an values of Qo„ divided by the mean 


Wnationis,ert«iiilvLaa If 

t. «,a„ 5 % of i„; ,0,01 
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occur in the presence of fructose; and our experiments provide an interesting 
demonstration that the phenomenon of “protein-sparmg” by carbohjdrates 
applies to a vide variety of tissues and persists with isolated 

The extent to which ammonia formation occurs is so different with cliHereiw 
tissues that each must he considered separately. Under our 
liver tissue produces barely appreciable quantitms of Sr 

ammonia consumption sometimes occurs. It is highly probable that the lattei 
is due to urea formation, which, as Krebs and Henseleit [1932] showed prooe^^^ 
more readily from ammonia in slices of survivmg liver tissue than m any otn 
Tsue exan^ined by them. The experiment (No .34) Table^ 
of the magnitude of urea formation in washed hver. It m roughly of the 
„d» as the ammom. figures tor th. same tissue that is to ^ sm^J &■ 
accurate measurement and negligible m fis 

Hence the low e.Q. found with wtashed hver shces is not due to ™ea foim , 
S unless uric akd or some unconsidered nitrogen compound be fomed 
Si does not derive its energy from oxidHion of its oi^ 

liver tissue does not apparently oxidise glucose ^1'°“ f i^i^ed 

extent [Dickens and GreviUe, 1933, 1], it seems probable that hver uses a mixe 
oxidation of its ovm fat and carbohydrate (glycogen) reserves. The value ol 
the B.Q. is in accordance with this view [Dickens and Simer, 19^0, - , 1931, -h 
In the presence of fructose hver may show a large glycolysis, hhe 
ilsieSably raised. This shows tlmt the power .fo .VahhoS ctbJ 

definitely present in hver tissue [Dickens and GreviUe, 1933 1]’ 
bvdrate oxidation has never been observed to cover the whole 
Possibly by the use of strong fructose solutions the percentage cai o ly i 

“ ‘uSletS, tornV aU e^pctimeuto 

in sugar-free media, only partially reruoved by of ^uo^ m 

This is of particular interest since the kidney is considered y J 
be the seat of nearly all the ammonia formation m the 

Warburg, Posener and Negelein [1924], however, on f ® °5Jfkidn?„ 

peratof coefficient, consWeredthatammomaehminationbyi^^^^^^^^ 

was not a chemical reaction but a mechamcal washm^ afp^pt the ammonia 

from the tissue. They further stated that 

production. The evidence, however, wasnot Patey 

by the demonstration of Patey and Holmes [1929] conditions. 

[1930] that the ammonia production was much less und ^ rhonned 

K authors, however, bing the differential Barcroft appa^^^^^^ ^-ged 
’ kidney were unable to show that deammation of added am te ^ 

aLmpamed by » comparuble »tra y “d hu. 

since shown that with tissue slices such an hid its extracts, 

demomtrrted beyoud doubt am to W.rburg, 

Holmes and Patey, however, were able b® .’ „roduhon of kidney 

Posener and Negelein’s statement, ^be aero i a^jj^lition of glucose, whilst 

from its own nitrogen compounds was ^becked y formation from 

the anaerobic conversion was unaffected by s"gai. T occurrhig without 

added amino-acids was more sensitive to ^amde b^^ ^^ed by ^ They 

substrate, but hke the anaerobic breakdown was una 
concluded that two aerobic and one a“^®^°bic “echan 

resulthig in ammonia production, and sugge , r p Embden and 

anaerobic formation was from deammation of adenyhc acid iq. 

Schumacher, 1929]. 
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dimimslied somewliat by addition of glucose, and more markedirw^oTt v 
of fructose, winch is more readily oxidised than o-lucose 
m that the anaerobic formation of JmoSTathh I) S^tl i f J 
far less than the aerobic formation. With rgar, WvL^, 

ess marked, though the anaerobic results are here so Variable the t° 
measurements can lead to no definite opinion EroV +It 

aerobic and anaerobic ammonia formatiorf without comparison of the 

of sug^, particularly fnictose, in ^0^:1 f aldT tl? 

and at the same time lowering the amnimVa -Q- frid the total respiration 

doubt that the ammonia production tbTZ / 1 ™^'°“’ to 

tion, presumably of prot^tou^ S' 

protein breakdown products existioff i part of ammo-acids or of other 

kidney tissue mtliout sugar may be due to -nrAf All ^ ^xj^geii uptake of 

fructose depresses tbis part of the oxidation to leading to ainmonia. 

Oiicose has less effect; and Iddney is the nnA^f one-tenth of the total. 

fairly large part (perhaps up to a quarter) S tlmtotar* ® 

may be due to oxidation of protein or Sp?; the total respiration m glucose 

Patey found that the ammonia foimation foU Holmes and 

not affected by glucose addition, and smee kidnev^tj^^’^^^i ^mino-aeids is 
deammates added amino-acids under aerobic cV tissue which readily 

the only tissue which produces large quaiStTes is 

tion in glucose, it seems possible fhat it is ^ during its respira- 

formed amino-acids in the tissue which mav be deamination of pre- 
fer the persistence of aerobic ammonia prodmtfon^^^+if^® responsible 

Finally this oxidation of N eompoZdsTadfo “V“ of glucose, 

exp anation of the anomalously high e o of S'"? * ^moiiia gives a possible 
«th fos ability to convert gluco^se iSo!aJtic aSSeke ^ 

The nervous tissues, brain and retina n! ■ Simer, 1930, 2], 

carbohydrate oxidation, share the property of formally an almost pure 
suppty of sugar for the continuance^ oftbeb- ^ *^®P®^^^orit on an external 

and Greville, 1933, 11 The eXTof i [Loebel, 1925 • Dickens 

Posener and Negelein, 1924- LoeLl iq?I Vf Vf “Serous authors [Warburo- 
»d Hoh.e., W32], „d »e iSSI*Sr; 

this paper. The ammonia formation of h ■ of our observations 

o^disable metabolites fsn„aTl“5V’'® somewhat 
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tie of :;a3™ of l».fa m^y be i 

™»«f of .»“eJ:pSlS & 

the data of Loebel [19251. It is mainlv +b ^y^^'^odly affected, as is .seen from 
to°a v'alue^V* affected in these tissues this ammonia 

may L dL 1 ^ ®°«sideraL p^t ®f ^i^gar 

Till protein oxidation Tbi^ fhf r i*^sidnal oxygen uptake 

The total respiration is so dependent on ^ 'special caTe 

the protein frf ?' ^ of “protein-sparini® If V formation 

effect is mfcbr*“^ ^espiration is lesseied hV ti Produced, in that 

e^Peiiments with retina suggest 
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some decrease of ammonia production in presence of sugar, but here also an 
illusion of great protein- sparing is produced. The value of the ratio Ooo/OnHo 
suggests high protein oxidation in absence of substrate, the protein oxidation 
becoming relatively much less in presence of either glucose or fructose, both of 
wliicii support the respiration of retina [Dickens and G-reviUe, 1933, 1]. It is 
hardly practicable to measure the e.q. of retina without added substrate; but 
that of brain (rat, rabbit) in our experience remains near unity under these 
conditions in conformity with the view that protein is being oxidised to give 
ammonia. As a result of one experiment Loebel [1925] shows a fall of e.q. to 
0*86, but we find that it is unusual to encounter such a marked decrease. 

Among tissues with less marked glycolytic and sugar- oxidising ability, testis 
shows a point of resemblance to brain in that its respiration falls considerably 
ill absence of sugar. Some indication of a protein-sparing action of the sugars 
is given by the fall in ammonia excretion when the tissue is supplied with either 
glucose or fructose (Table IV). The anaerobic ammonia formation may, however, 
be also surprisingly large even in the presence of sugars, making interpretation 
of the results difficult. It is clear from the ammonia figures, however, that the 
metabolism in glucose or fructose does not consist to any appreciable extent 
of oxidation of protein to ammonia; and support is given to the view that 
fructose is oxidised by this tissue [Dickens and Greville, 1933, 1]. 

From Table IV it is seen that spleen has a high ability to form ammonia 
from its own N compounds, or possibly to some extent from those of the blood 
which invariably accompanies this tissue into the manometric vessels, even 
after careful rinsing. Here both glucose and fructose reduce to a low level the 
high aerobic ammonia elimination found in the absence of these sugars. This 
supports the e.q. measurements in indicating an oxidation of glucose by this 
tissue and renders it probable that fructose is also oxidised to some extent 
even though the e.q. is apparently not increased by its presence. 

The embryonic tissues studied were the rat yolk-sac and the embryos of 
chick and rabbit. In the first-named tissue the ammonia formation was low in 
all cases, both in presence and absence of added glucose or fructose. There is 
therefore little oxidation of protein resulting m ammonia formation by rat 
yolk-sac under any of these conditions. As Table III shows, the urea formation 
is also negligible. Since in the absence of added substrate the respiration does 
not faU significantly, and the e.q. remains at a relatively high level, it seems 
probable that the metabolism of the yolk-sac may be adequately supported b}’' 
its own reserves of foodstuff, whose nature is not known [Dickens and Greville, 
1933, 1]. 

The chick embryo resembles the rat yolk-sac in the persistence of the respira- 
tion at a nearly unchanged level in the absence of glucose or fructose. On the 
other hand, the ammonia estimations (Table IV) show that in this tissue in 
absence of sugar the ammonia formation is well-marked and may mdicate a 
fairly extensive change of metabolism by the embryo to a protein oxidation, 
which is checked by addition of either glucose or fructose, both m phosphate 
and bicarbonate media. It thus appears that the embryo has at this age a 
considerable ability to turn to protein as a foodstuff, but only in the absence of 
oxidisable carbohydrates. It should be mentioned, however, that Needham 
[1932] considers that about 20 % of the respiration of the chick embryo in 
glucose is due to protein oxidation. The decreased ammonia production in the 
presence of fructose indicates that this sugar can diffuse into the embryo, and 
that its failure to cause lactic acid production in the embryo [Dickens and 
Greville, 1932] is not due to impermeability. Urea formation by the chick 


1132 


F. DICKEJfS AND G. D. GREVILT.E 



xo-i*ua,ys gestation shows, like the cliickembrvo a • 

production m absence of sugar, reduced bv the r ^ ^ ^ 

The tumour tissue examined-Tenst; frmtose. 

of similanty to the embryonic tissues. Table IV shows^that t^^f 
tion m absence of substrate is We both in ammoma forma- 

Shice the aerobic ammonia production is miinh ^ bicarbonate media, 

practically abolished in GucSse andS am^r^ greater than the anaerobic, is 
that the evidence is in fatrofTn oxidS^^^^^^^^ " be&ve 

up to 50 % of the total respkation in abse^ f/ constitute 

of sugar the protein oxidation falls to a low level presence 

and fructose are oxidised by this tumour- hnr f +1 P^^^^’^^bty both glucose 
and the fact that the r.q. and the res Winn n b.q., 

of sugar, we infer that complete 0 x 1 ^ 1101 ^ 0 ^ 'vGthdrawal 

I.« of the rooptetion „f tl„„ ‘‘u nL™™ 

the urea formation by Jensen rat sarcown wJo ^ experimental conditions, 
account for the eharacteristicaUy low value of 

assumed^oSy wh^nJhTaLwr^^^^ «an strictly be 

For SlamwSLXtdt/^ 

spleen, under anaerobic conditions may posiwv^a]f'T“ particularly 

part, ovung to the presence of hydroffen^s'rfOA ^ oxidative, at least in 

existence of a large anaerobic deaS^ *^^at the 

s^Grobio amnirknio tiioii cloGs iiot necessfl.WKr I'n rxri-t-i •i.'U ^ j. j t 



bodies other than protehi. Even if it k due ^ of nitrogenous 

be complete. In either case some of our ^ i “ oxidation, this may not 
But the answer to the point which^we 86700^^^ T- altered, 

coasiderations: in a glucose medium the oxidation o?^f “^^^Pondent of these 
the tissues examined, except kidney is so “*i'ogenous bodies by all 

on the respiratory quotient This is traeS s^fllf r®""? influence 

a d urea foimation. The possibility of protete LTwT ^“monia 

KSd" 

Stjmbiary. 

substeate, the arnoXlij® ® frmtose, and also in absence of added 

compared mth tlie respmation waslied animal tissues lias Iipah 

three quantities being simultaneously obserAmtions of all 

Little ammonia or urea i same slice of tissue 

.yoj-sae either in preset oTaWel b" mt h.er or 

of these tissues are not greatly altered W respiration and r o 

possible that then- metabolism mav be Presence of added sugar it seems 

T WiS “St 



4 Td ^11 ; wnere it persisted at a L’ f ^^sted by 


METABOLISM OF NORMAL AND TUMOUR TISSUE 1133 

5. In biain, retina and testis the amount of ammonia produced “was small 

but ill absence of glucose or fructose became large relative to tbe respiration, 
because of tlie large fall in the latter. 

6. The “protein-sparing” action of glucose and fructose has thus been 
demonstrated for a variety of animal tissues, but vuth brain and retina it mav 

be largely illusory. 

/ . ^ Anaerobic aininonia elimination under the same conditions as in the 
aerobic experiments may be large, as in spleen and testis, but most often it is 
very much less than the aerobic production. 

8. Urea formation by 5-day chick embryo and by Jensen rat sarcoma is so 
small that its effect on e.q. measurements under our conditions can be neglected. 

9. In general, in so^far as can be judged from ammonia and urea formation, 
the assumption made in Part II of this series, that in a glucose medium the 
protein oxidation is so small as to have no material influence on the b.q., has 
received experimental justification. It is probable that, of the tissues studied, 
only ill kidney does the oxidation of nitrogenous bodies cover any large part 
of the total oxidations under the conditions of these experiments. The relatively 
high value of e.q. shown by kidney may be due in part to the oxidation of 
protein by this tissue. 

We express our thaiil^s to Prof. E. C. Dodds for the interest he has taken 
in these experiments. 

One of us (F. D.) is a member of the scientific staff of the Medical Pi>esearoh 
Council, the other (G. D. G.) is the holder of a Halley Stewart Trust Fund 
scholarship, and to both of these bodies we gratefully make our acknowledg- 
ments. 
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CLI. THE METABOLISM OF NORMAL 
AND TUMOUR TISSUE 

™ lactate, pyruvate AND 

deprivation of substrate. 

By FEANK DICKENS akd GUY DRUMMOND GREVILLE 

r.-- 6«*.B i„mue H«pm, w. i. 

{Received Jidy 1st, 1933.) 

mzjmk Po^onffe-^^belryTX^^^^ decreased by general 

M. the glucolysis of too^Sof iS* 

le glucolysis of certain normal tissues rMenHf.) accelerates 

and lactate itself has been shown +f u ®aueli and Strelitz, 1931 ] 

[Meyerhof and Lohmann, 1926 1 21 Th^Sp 

without the introduction of substanL wt? f metabolism 

mental method of considerable interest and^in°th^^ animal body is an experi- 
our experiences with its use. ’ ™ Paper we describe 

by °tho‘Sl2l“n°'j“ »f >>»« »a, 

of twV ^ matter merited fm-thX ^ *“°^'!aure zusammen- 

«d of tu of fos«» 

fSmc d- and Hactates® were nrenarpri i has been measured CTihlp Ti 

ft, [Porife w^nssTilS s.““ ‘^“"Sb tho .mo XoS 

The”nStSr* ’’5' ““tation »fa '’Site prepared 

of wifr preparations was checked bv ri i ^7^®= 1906] respectively. 

M water of crystalhsation. The sochum s^i ^ determinations of rot^on aS 

the lirtdf'^ measured for periods un to ^ ^ Lohmann, 1926, 2] 

from Ae st?bnt inTe^oTh'^^"^^* ^"LerimJt 

ior deiimtion of term glycolysis friueoi • , experiments the 

In tins paper the naturaUy occmrinn. T' and GreviUe [I930 n 

-its as .-lactates. ^ <--Lctio) acid is referred to asTi/J'aeid, and 
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Table I. Ejfect of lactate mi anaerobic glycolysis of rat tissues. 


L Jensen sarcoma. 


Added lactate 


0 0-019 M d 0-02 M dl 


rlst liour 


27-4 

26-6 27-0 



Q^l 2iid hour 


21-6 

22-1 22-0 



LSrd hour 


22-0 

18-3 21-5 



Jensen sarcoma (Fig. 1). Lactate added 20 

mins, after first reading. 



Added lactate 


0 

0-02 M d 0-02 M 1 


rlst period (20 mins.) 

46-5 

49-5 

44-7 


2iid period (40 
L3rd period (40 

mins.) 

43*5 

26*3 

34-5 


mins.) 

36*8 

23-3 

31-5 


% decrease 2nd period 

6-5 

47 

23 


3rd period 

26 

53 

29-5 


Testis, Lactate added 20 mins, after first reading. 




Added lactate 

0 

0 

0-02 M d 0-02 M 1 0-02 31 dl 

rlst period (20 mins.) 

8-4 

10-5 

9'5 

10-8 

8*7 

2iid period (40 mins.) 

8-1 

10*5 

8-3 

10-3 

7-7 

t3rd period (60 mins.) 

7-8 

9-7 

6-4 

9-1 

6-2 

*^0 decrease 2nd period 

3-5 

0 

12-5 

4-5 

11-5 

3rd period 

7 

7*0 

33 

16 

29 

Brain cortex. Lactate added 15 mins, after first reading. 



Added lactate 

0 

0 

0-02 Jfd 0-02 Ml O' 

■02 M dl 

r 1 st period ( 1 5 mins . ) 

Q^f < 2nd period (60 mins.) 

21-2 

24-4 

20-0 

25-2 

15-6 

14-9 

19-2 

13-3 

19-3 

11-3 

t3rd period (60 mins.) 

13-1 

17*2 

10*7 

17-4 

9-2 

% decrease 2nd i^eriod 

30 

21 

33 

23 

28 

3rd period 

38 

30 

47 

31 

41 

Brain cortex, d^Lactate added 20 mins, after first reading. 



Added lactate 

0 

0 

0-02 M 0-02 ill 

0-05 i¥ 

0-10 Jf 

r 1st period (20 mins.) ] 

J 2nd period (60 mins.) 

12-2 

12'9 

GO 

o 

12-3 

9-0 

6-2 

7-3 

5-2 6-4 

4-3 

2-8 

C3rd period (60 mins.) 

4-7 

5-2 

3-2 4*4 

2-0 

0-8 

% decrease 2nd period 49 

43 

52 56 

65 

69 

3rd period 61 

60 

70 69 

84 

91 


lactates were added at the stated time from a side-buib. In order to eliminate 
the effect of glycolytic inequalities between different slices of the same tissuCj 
we give for each vessel for various periods after the lactate addition the per- 
centage decrease in glucolysis from the value in the period before the lactate 
addition. By comparison with the corresponding falling off in the control vessel 
to which no lactate was added the effect of the lactate may be assessed. 

From the results in Table I we conclude that 0*02 M d-lactate may 
sometimes cause a decrease of about one-half in the glucolysis (Exp. 2) as in 
the experiments of Meyerhof and Lohmann; on the other hand, the effect of 
the added d^-lactate may be small, as in Exps. i and 4. Inhibition occurs with 
all three tissues. Our experiments, in contrast to those of Meyerhof and 
Lohmann, do not show that Z-lactate causes as great an inhibition as does 
c?»lactate: in Exps. 2 and 3 the natural salt has about twice the effect of its 
optical enantiomorph. Exp. 5 shows how the inhibition of brain glucolysis 
increases with increasing concentration of added lactate. This experiment is 
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represented in Fig. 2, where corrected values of Qf are shown, equal for each 
vessel to the observed divided by the ratio of the glueolysis in that vessel 
oeture lactate addition to the average glueolysis before lactate addition. 


lo 60 
Minutes 

Kk. I. 


0 0-05 O-IO 

Concentration of added lactate 

Fiff. 2. 


added after 20 Sfc, toiT^odinJd-l^^X f dd?d“Ster 20 
Fig. 2. Rat bram cortex in glucose. A, second period; B, third period. 

prod«“ r.ss„ro?ir. “> 

of the .dded sub«t4„ce with the e™e ““’’“"'‘i™ 

ivith glycolysis, for LiDmann f] Q 5>71 fmi i ^ i be excluded 

•dd &om i4iced mnsde md Smeel T ““n>bK disappeermoe of iaotio 

:orSei“r«sjr»""a 

It thus seeni.s probable that the lactate 00 ^ 1^3 'wfth tife'enzyme systtm.”®"^' 

^ of suhstrate-de^irivation. 

are put into the thei-mostat at 38° (Fig 91 ““metric vessels 

taneous increase in Q^- is not ordiria u" i glucose is substrate a spon- 

andGreville, 1932 21to?einoLSelt ^ observed but we were able [Dickens 
peiod of anaerobiosis hi absence of added'^Suc^^'^'^ mtroduomg a preliminary 
vation of glycolysis has so S bl 

the exiieriments described in the nresent the Jensen sarcoma. In • 

technique of preliminary anaerobi^sn hsw ^i *0 other tissues the 

activation of glucolvsis in tbp tmv. /^*o-deprivation which brought to light 
tration of 0-2“^ te^ give% 001100 “ 

another tumour tissue (Mill Hill fowl flfon s y®"* brain, spleen, testis), 
(rat yolk-sac). With testis a embryonic tissue 

experiment represented in Kg V ^S^befol ? Tf® ^ the 

15 minutes after glucose additfon it S^s "t and 

which was maintained until the end pf +n ’ ^™.*ben it lose abruptly to 9-8, 

:iS“5 ^ 
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Fig. 4. Mill Hill fowl fibro-sarcoma. 



Fig, 5. Rat brain cortex. 





Figs. 3-8. Anaerobic glycolysis. OrdinateSj mm.® COg per mg. dry tissue; Abscissae^ time 
in minutes. 

(7 = control (glucose present from beginning of experiment). 

6^ = glucose added at time indicated by arroAT^. 

(xP = glucose + pyruAuate added at time indicated by arroAT. 

CP = pyruvate added at time indicated by arrow to control (glucose present from beginning 
of experiment). 
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j^DickcHs 3 , 11(1 GrcvillOj 1932^ 3], siid it W3s not obsorvod 3 t 28*^) so th 3 t it is 
possible that the necessary conditions for the other tissues were not reahsed 
in the.se experiments. We therefore do not consider that spontaneous activation 
is a unique property of the Jensen sarcoma. The two processes which allow the 
observation of spontaneous activation, initial depletion of “activating” sub- 
stance in the tissue and slow re-establishment of its optimum concentration 
occur under the usual experimental conditions most readily with the Jensen 
sarcoma in fructose and to a lesser extent with the same tumour and with rat 
testis in glucose. That they occur in other tissues, that the glycolysis of these 
tissues also is regulated by an “activating” substance, is a possibility that still 
remains. 

If each tissue the glucolysis attained after a preliminary period of 
anaerobiosis in absence of added substrate is expressed as a percentage of the 
glucolysis of that tissue when glucose is present from the beginninc^ of the 

expeiimeiit, the following values are obtained : ^ 


Tissue 

Jensen rat sarcoma 

Mill Hill fibro-sarcoma 

Mill Hill fibro-sarcoma 

Rat yolk-sac 

Rat spleen 

Rat testis 

Rat brain eortes: 


Preliminary period 
in absence of 
substrate 
(mins.) 

20 

20 

60 

30 

50 

20 

20 


* Three difierent brains. 


% recovery after 
glucose addition 

92 

106 

112 

110 

70 

101 

12, 12, IP 


■ T^T'r feeble recovery shown by brain cortex. We have 

ieduS ^ anaerobic period in the absence of glucose will 

l educe the subsequent glucolysis of this tissue to one-third of the control value 

S experiment: brain slices were shaken in the bath for 

T in glucose-free Ringer solution with oxygen and CO, in the o-as 

space. Then nitrogen-COa mixture was passed through the vessel for 3 mmutes 
aftei which glucose was nnmediately added from a side-bulb. in the subse’ 
qmmt 30 minutes was 6-2. In a control experiment with glucose nnd^r anaSbic 
conditions from the start, was 16-6. The 3-minute anaerob? substrate 
tpu\ ation thus caused a reduction of the subsequent glucolysis to 37 With 
S' W ^ preliminary period%ansed a riductln to ifo/ 

Tlic pithminary aerobiosis involved in this experiment caused no reduction'of 

followed by addition of glucose reduceci the 

respmitioii in pbosphate-Rinner solution to o/ xv tiie 
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Effect oj pyruvate. 

That sodium pyruvate in small concentrations causes an acceleration of the 
anaerobic glycolysis of brain, intestinal mucous membrane and liver .was shown 
by Mendel, Bauch and Strelitz [1931]. Rosenthal [1932, 1] compared the acti- 
vation of the anaerobic glycolysis of liver by pyini- 
vate with the activation produced by preliminary 
aerobiosis, concluding that the two activation pro- 
cesses depend on the presence of the same factor in 
the liver, but that the activator’’ produced by 
aerobiosis is not identical with pyruvic acid. Pyru- 
vate also produces an activation with Jensen sarcoma. 
It was found [Dickens and Grevdle, 1932, 2] that its 
addition in 10”^ M concentration to this tissue before 
the spontaneous increase of anaerobic fructolysis had 
occurred caused an immediate increase in fructolysis, 
Oil thereafter remaming constant at about the value 
it would have reached by spontaneous activation, 
whilst addition of p^uuvate after the spontaneous 
increase had no eftect at aU (Fig. 9). Also, after pre- 
liminary substrate-deprivation, an immediate rise of 
to the final value occurs on adding glucose in the 
presence of pyruvate, the intermediate period being abolished (Fig. 3). It is 
seen from Fig. 6 that the same occurs with the spontaneous activation of testis 
glucolysis, the intermediate period being abohshed in the presence of pyruvate. 
Thus under those conditions which allow the spontaneous activation to be 
observed, an identical activation can be caused prematurely on addition of 
pyruvate. 

Rosenthal [1932, 2] also found an activation of tumour fructolysis by pyru- 
vate and by certain substances which are reduced by tissues (methylene blue, 
Lauth’s violet, Capri blue and potassium ferricyanide). Rosenthal’s results differ 
from ours in that a greater percentage activation was caused by pyruvate than 
occurred spontaneously. We, on the other hand, invariably find that pyruvate 
raises Q^f to practically the same value as is reached by the spontaneous increase, 
and that p^umvate addition after the occurrence of that increase has no effect. 
Further, pjnuvate addition has no effect on the fructolysis or glucolysis of the 
Mill Hill tumour, which fails to show spontaneous activation. Nevertheless 
pyruvate definitely has an effect on other tissues in wFich spontaneous activa- 
tion has not been observed. Thus mth pyinvate present from the start Mendel, 
Bauch and Strelitz [1931] observed with brain increases of up to three times 
the control values. We have, however, found that addition of 10“^ if pyruvate 
to brain after it has been producing lactic acid for some time in the thermostat 
may merely prevent the glucolysis from faUing. Again, with testis (Fig. 6) 
pyruvate merely prevented from falling from its initial value, and the 
addition of pyruvate simultaneously with the glucose after prehminary substrate- 
deprivation brought to the same value. With spleen, addition of 10~^ If 
pyruvate did not increase the glucolysis (see also Fig. 7). Thus in our experience 
the effect of pyruvate addition is most often to keep the tissue at its maximum 
glycolysis. Liver must be regarded as an exception to this: in this tissue 
p^nuivate, aldehyde or a suitable oxidising agent must be pi'esent in order that 
a glycolysis of any considerable magnitude may be attamed [Rosenthal, 1932, 1]. 
One of the factors necessary for the attainment of the maximum glycolysis 



Fig. 9. Anaerobic fructolysis of 
Jensen rat sarcoma. A, py- 
ruvate added at 10 mins. 
B, pyruvate added at 
85 mins. 
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seems to be the establishment of a suitable reducible system and possibly of a 
redox potential in the right range. Most tissues seem to be capable of creatino- 
these optimum conditions themselves, but with surviving liver some external 
agency is necessary. 

. SUMMAEY. 

1. The alteration of the glycolysis of tissues by methods not involviiio’ the 
addition of substances foreign to the animal body has been studied. 

2. The inhibitory effect of lactates on the anaerobic glucolysis of brain 
testis and tumour is very variable. Z-Lactate has about half the effect of the 
natural d-lactate. 

3. After 20 minutes’ preliminary anaerobic substrate-deprivation the gliico- 
lysis of brain recovers only to about 12 % of the normal value, whilst witii the 
other tissues tested jtestis,^ spleen, rat yolk-sac, tumours) the recovery is almost 
always complete. With brain, preliminary anaerobic substrate-deprivation affects 
the glucolysis far more than the respiration. 

4. The method of preliminary anaerobiosis in absence of added substrate 
has been applied to the detection of spontaneous activation of anaerobic glyco- 
lysis in various tissues. This has been observed only in the glucolysis and fmcto- 
lysis of the Jensen rat sarcoma and in the glucolysis of rat testis. It is not 
supposed however that the potentiahty for spontaneous activation exists only 
in these tissues. 

5. The effect of small quantities of i)yruvate on the glycolysis of tissues is 
discussed. In tissues and imcler conditions in which spontaneous activation is 
observed, an equal activation is achieved on addition of p37Tiivate The view is 
eximessed that the presence of pyruvate tends to keep the glycolysis of tissues 
at its maximum value. 

It is a pleasure to acknowledge the interest taken by Prof E C Bodrk in 
these experiments. , • • m 

One of us (R D. ) is a member of the Scientific Staff of the Medical Research 
t^micil; the oper (G D. G.) is the holder of a Halley-Stewart Research Scholar- 
ship, foi which he wishes to make acknowledgments here. 
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Since Lundsgaard [1930] drew attention to the remarkably toxic nature of 
certain of the halogenacetic acids and their role as powerful and selective 
inhibitors of lactic acid formation and of alcoholic fermentation, these 
compounds have assumed great importance in physiology, and the numerous 
investigations of fundainental value to the theories of muscular contraction, 
tissue glycolysis and fermentation which have resulted show the usefuhiess of 
these labile halogen compounds as reagents in the study of intermediary tissue 
metabolism. But in spite of the many investigations, in no one case has the 
mechanism of their action been explicable in any clearly defined way, though 
various suggestions, such as those of Waldschmidt-Leitz and Schaffner [1932] 
and of Bersin [1932], have been advanced from time to time. 

Ill view of the importance of the iodoacetate reaction, it was decided to 
investigate wdiat appeared to be one of the simplest physiological transformations 
known at the time to be inhibited by iodoacetic acid, namely the conversion of 
methylglyoxal into lactic acid: a type of oxido-reduction of great interest and 
perhaps one directly concerned in glycolysis. Indeed Dudley [1931], who dis- 
covered the inhibitory action of iodoacetic acid on this keto-aldehyde miita.se 
system, considered that this might well be the mode of action of the halogen- 
acetic acids on the glycolytic process. It is true that Lohmaiin [1931], shortly 
after, found that in his glyoxalase preparations a much higher concentration 
of iodoacetate was needed to stop glyoxalase action than was required to check 
the formation of lactic acid by the Meyerhof muscle extract ; he therefore con- 
sidered that it was unlikely that the ‘inhibition of muscle glycolysis could be 
due to poisoning of the glyoxalase system. 

Nevertheless this point could not be said to be definitely cleared up, and 
during an attempt to investigate it further the work to be described ^in the 
present paper, which sheds some light on the mechanism of iodoacetate poisoning 
of glyoxalase, arose. 

Ill view of the possibility that the method of preparation of the extra cts^ 
might affect the concentration of iodoacetate necessary, the behaviour of 

1 A preliminary account of part of the work presented here appeared in a letter to Nature 
in January last [Dickens, 1933]. Owing to the author’s change of laboratory, the completioii 
of this work and its publication have been somewhat delayed. 
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dialysed and undialysed extracts was being investigated when a further publica- 
tion from Lohmann appeared, containing the important discovery that I’educed 
glutathione could act as co-enzyme to glyoxalase in converting synthetic metliyl- 
glyoxal into lactic acid. Liver extract, from which the bulk of the proteins had 
been precipitated by an acetate butter, lost nearly all its glyoxalase activitj^ on 
dialysis, and this was found to be completely restored by addition of mininmTw 
quantities of reduced glutathione to the dialysed extract [Lohmann, 1932]. This 
discovery of Lohmaim suggested as an ob\dous possibility that the action of 
iodoacetate might be upon the sulphydryl compounds in the extract, leading to 
destruction of glyoxalase activity by destruction of the essential co-enzyme. 
From his earlier paper it is evident that Lohmann [1931] did not favour the 
view that iodoacetate acts upon the co-enzyme systems, a suggestion put for- 
ward, certainly with little direct evidence, by Barrenscbeen and Braun [1931] : 
on the contrary Lohmann believed that the action of iodoacetic acid was to 
destroy the enzyme itself. 

In the present paper it i.s shown that (I) under physiological conditions of 
Pjj and temperature, the halogenacetic acids readily react with sulpbj^drvl 
compounds, in particular with glutathione and cysteine, forming the corre- 
sponding thio-ethers and hydrogen halide, and (II) that this action provides 
an adequate explanation for the destruction of glyoxalase activity by haloo-en- 
acetic acids. 

I. The interaction of gViitathione and cysteine with halogenacetic acids. 

Evidence of the reaction between iodoacetic acid and glutathione was first 
obtamed manometrically. Glutathione, prepared by Pirie’s [1930] method and 
purifaed through the cadmium salt [Voegtlin, Johnson and Rosenthal, 19311 
was dissolved m glass-distilled cvater containing 0-031 M NaHCOs, the solutions 



K 


;itro +To| mo mms. (vessels filled 

units a[e the”same L for the 'tnd iT" ‘‘“r 

the unchanged GSH is nelr tte^ ItorSl fo '2lqrvlnl‘ GSR 

. 2 . Rmchm of bromoueeiate ami cMoroacetate icilh glutathione. 

Imjmg been prmly saturated tvith a gas mixture of nitrogen with 5 »/ GO 
were m'eaSiSInTo approximately J//300 solution of glutaibione 

«kle4 4 .2“4n?the P^’^^ed with 

adds (o4 4: of the halogenacetic 
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NaHCOg to that present in the glutathione solution in the main part of the 
vessel. After filling with nitrogen containing 5 % COg, the vessels, attached to 
their manometers, were put into the thermostat at 37-5° and shaking was begun. 


When temperature equilibrium was attained the contents were mixed by tipping 
the vessel and then replacing in the thermostat. CO 2 evolution immediately 

began and its course was followed by the pressure readings (Figs. 1 and 2). 


Table I. 


37«5°; 

[Na' ] = 0*032; No + 5 % COg; approx. 7*4. 

lodoacetate and glntatiiione ; 




a- 

= 3*15x10-2, b = 

= 1*61 X 10-2, vol. =3*1 cc. 


t 

mins. 

X 

(mm.2 CO 2 ) 

i¥xl0-2 

h 

10 

38*5 

0*55 

14*5 

20 

61 

0*88 

15*1 

30 

72*5 

1*05 

14*1 

40 

81 

M7 

13*6 



Mean 

lii 

a 

= 3*05 X 10-2, b~- 

= 3*12 X 10-2, vol. =3*2 cc. 


10 

69*5 

0*97 

14*5 

20 

108 

1*50 

17*5 

30 

126 

1*76 

15*5 

40 

140 

1-95 

14*6 



Mean 

15*5 

Bromoacetate and glutathione : 




a = 6 = 3* 13 X 10-2, vol. = 3*2 cc. 


10 

48*5 

0*67 

8*7 

20 

75*5 

1*05 

8*1 

30 

95 

1-32 

7*8 

40 

107 

1*49 

7*3 



Mean 

8*0 

a 

= 3*24x10-2, b-. 

= 1*61x10-2, vol. =3*1 cc. 


30 

58*5 

0*84 

8*9 

40 

70*5 

1*02 

9*5 

50 

76 

1*10 

9*0 

60 

81 

1*17 

8*7 



Mean 

9*0 

Chloroacetate and glutathione : 




a = 6=3*13 

X 10 - 2 , yqI — 3.2 ec. 


120 

12*5 

0*175 

0*16 

180 

17*5 

0*244 

0*15 

240 

21*5 

0*300 

0*14 

270 

23 

0*320 

0*14 


Mean 0-15 


Table I shows that the reaction follows the bimolecular law and may be 
represented as follows : 

G. S' + ICHj,COO' = 6. S . CHjCOO' + 1' 

a-x b-x X X 

or similarly for the other monohalogeiiacetic acids. Similar reactions, e.g, of thiol- 
acetic acid and halogenacetic acids, are well known [Edason, 1877 ; Klason and 
Carlson, 1906 ], but they have been surprisingly little studied by physical chemists. 
Quite recently, however, Hellstrom [1931] has studied the example (thiolacetic 
acid) mentioned from the point of view of Brdnsted’s theory and finds that the 
reaction follows the bimolecular law, though the velocity constant depends on the 
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nature and concentration of tlie cations present, being, when [Na+] = 0*0375 and 
at 25°, of the order; 150, 70, 0*70 (uncorr.) for iodo-, bronio-, ciiloro-acetic acids 
respectively. This order is very similar to that shown hi the present experi- 
ments, the constants with thiolacetic acid being however about 10 times as 
large, despite the lower temperature used by Heilstrom. This series is also in 
agreement vith the physiological action, that is it corresponds with the order 
of activity of the three halogen-acids in checking glycolysis or fermentation 
[Liiiidsgaard, 1930; Lohmann, 1931; Cayrol, 1931]. 

Whilst the above course follows the bimolecular type sufficiently accurately, 
it was thought necessary to isolate the products of the reaction. With glutathione 
the imrification of the condensation compound presented difficulties, and the 
reaction was worked out with cysteine, where the greater stability makes the 
sepairation easier. 

For this purpose cysteine hydrochloride (0-16 g. = 1 milli-equiv.) was neutral- 
ised with Nj5 Ba(OH)2 (5-5 ec.) and a neutral solution of iodoacetic aeid 
(0-19 g. = 1 milli-equiv., dissolved in 5-3 cc. N/5 Ba(OH)2) was added while N, 
was passed through the solutions. The reaction mixture at once became aeid, 
and x\ /5 Ba{0H)2, in all a further o-O cc. (1 milli-equiv.), was added to keep 
the reaction mixture neutral; after addition of alcohol (15 cc.) the mixture was 
allow^ed to stand overnight. In the morning a further 30 cc. absolute alcohol 
was added and the white precipitate of Ba salts, including some BaClj, was 
collected, after half an hour, in the centrifuge; the alcoholic supernatant hquid 
contained barium iodide. The precipitate of Ba salts was dissolved in water (3 cc.), 
and H2&O4 {ca. 10 cc. NjlO) was cautiously added to give complete precipitation 
01 the Ba as BaS04; 4he latter was removed and the clear colourless solution 
evaporated in vacuo over P2O5 . A white crystalline residue began to separate 
when the wliime was reduced to a few cc., and the whole contents of the dish 
crystallised overnight: traces of a 3;^ellow impurity and of HCl were removed by 
washing with a little ice-cold alcohol. Yield 0-15 g. = 85 % of the theoretical; 
colourless clusters of fine needles, m.p. 84° decomp, (uncorr.). For micro-analysis 
(bchodler) tp crystals were di’ied in the air without further purification. 

11, 0 Ul), x\, / 81 , b, 1/-69 %. The course of the reaction is therefore as follows: 

H OOC . CH(y Hg) . CHo . SH 4- 1 . CH^COOH == HOOC , CH(NH2) . CHg . S . CHg .00011 + HI. 

The thio-ether is only slightly sokble in cold water or alcohol, more soluble in 

hot watei and freely soluble m dilute aqueous ammonia. The aqueous solution 

is acid in reaction. 

When the same method of isolation was tried with glutathione the recovery 
product were not so satisfactory. Neutral solutions (i rnilfi- 
W rifnm 1°"^ glutatiione and iodoacetic acid were mixed, and in all 1 -55 cc. 

1 (calc. 1*66 cc.) were required to keep the mixture neutral. The 

aleohohe ^ precipitate of Ba salts was freed from Ba by HoSO. (6 cc N/10) 

tiian^td to a feathery precipitate when rubbed with alcohol The nrecinitate 

(Bcnot.llci) showed that the substance is probably the not quite nure thio 
^her contammg 1 mol. H O. (Found: c! 38-4; H, 6-0; N^9 4; + T'S' 
+2+»08^a^) H2O requires: C, 37-6; H, 5-5 ■ N 10-9-S 0/ \ •ci,’..!,’ -4' 

S f t btiirwiS T' fredy soluble in cold Ster^ 

hSilitod S .Lv* 7 acid reaction from which the substance was re- 
1 tcipitated bj addition of cold alcohol : the nitroprusside reaction was negative 


HALOGENACETATES AND SH COMPOUNDS 


1145 


These experiments leave little doubt that the reaction is perfectly analogous 
to that with cysteine, where the condensation product is more readily isolated 
in the pure state. 

Immediately following the publication of the prehminary report of these 
experiments [DickenSy 1933] the author learned in a personal communication 
from Dr Rapkine that he had, quite independently, studied the reaction of 
cysteine and iodoacetic acid : these results have now been pubhshed [Rapkine, 
1933] and agree in all respects with those set out in the author’s preliminary 
account. In addition the rate of reaction was shown by Rapkine to increase 
with increasing temperature and alkalinity. The reaction products (thio-ethers) 
were not isolated in Rapkiiie’s experiments. Quastel [1933] has also produced 
interesting evidence of physiological interaction of sulphydryl compounds and 
iodoacetate, and in fact the paper hj Quastel and Wlieatley [1932] was, unknown 
to the author, submitted for publication before the appearance of his pre- 
liminary account. It may be mentioned here that one of the earliest recorded 
examples of the biological action of halogen compounds on thiol compounds 
appears to be that of Thiinberg [1911]. 

II. The inhibition of glyoxalase by iodoacetate. 

The source of glyoxalase in all experiments was rat-liver. For the prepara- 
tion of the extracts the freshly removed liver was minced in a micro-mincer, 
ground vdth sand and extracted twice by thoroughly grinding with its own 
w^eight of water and centrifuging: the two extracts were then combined. For 
removal of protein, acetate buffer i)f/3, Ph Lohmann’s 

[1932] extracts, followed by centrifuging. NaHCO^ (usually yV voL 1*3 %) was 
added and the solution was dialysed in collodion sacs against distilled water. 
The water m the 1st and 2nd dialysates invariably showed a positive nitro- 
prusside reaction: sometimes on dialysis a further slight precipitate formed, 
and w^as removed by centrifuging. In some extracts KCl (0-9 %) was used 
instead of w’’ater for the preliminary extraction, wdthout any noticeable difference 
ill the extract. 

For the estimation of glyoxalase activity, chemically controlled maiiometric 
experiments were used, in which 1—2 cc. liver extract, usually diluted with an 
equal volume of water, were measured into the Warburg manometer vessels 
together wuth a volume of 1*3 % NaHC 03 usually to -I the volume of the 
original extract, and the vessel wms then filled with a gas mixture of 5 % COg 
in N->. The temperature for the measurements wdth extracts w^as always 30 . 
The pjj was controlled by bicarbonate estimations, and the COa-reteiition by 
acidification: wuth crude extracts the latter was about 20%,^ but with de- 
proteiiiised and dialysed extracts on the other hand the retention correction 
was smab (about 1-5 %). Lohmann has shown that the evolution of CO 2 is an 
accurate measure of the lactic acid formed when suitable conditions aie ob- 
served. In view of the possibility that this equivalence might be upset by the 
presence of iodoacetic acid, this point was controlled in selected experiments 
by determination of the lactic acid formed, by precipitation of proteins with the 
Sdienk reagent and analysis of the filtrate, freed from mercury by by 
Clausen’s method, using Friedemann and Kendall’s [1929] modification. Blan ""s 
on the extracts and methylglyoxal solutions used w^ere invariably madu, and 
the amounts of lactic acid found w’-ere corrected for these blanli values. On the 
whole the agreement of maiiometric and chemical estimations was satisfactory, 
and usuaUy 90-98 % of the manometric readings were given by the Clausen 
analysis. Only when very high concentrations (lf/100) of iodoacetate were 
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used did there appear to be some tendency for the chemical values to be lower 
compared with the manometric ones, but these experiments were not important 
for the present piu-pose, as such high concentrations of iodoacetate were seldom 
used. 

The methylglyoxal solutions used were obtauied by the method of Neuberg et 
al. [1917]from the distUlation of dihydroxyaeetonewith dilute sulphuric acid. The 
distillate (50 ce. from 1 g. dihydroxyacetone) was neutralised to phenolphthalein 
with i\710 NaOH before use and NaHCOj (1-3 %) to give a similar' concen- 
tration to that in the extract was then added; 0-1 to 0-3 ce. of the distillate so 
treated was used for each experiment, being usually measured into the side 
bulb of the manometer vessels. 

Glutathione was made by Pn-ie’s [1930] method from yeast, was crystallised 
from water and then purified through the cadmium salt [Voegthn, Johnson and 
Rosenthal, 1931], afterwards being agam crystallised from water by evaporation 
over H2SU4 at room temperature. Dissolved in glass-distUled water it was 
sufficiently stable (5-0 mg. in 3 cc. Mjlo phosphate or in bicarbonate buffer 
at Ps 1-4 took up about 4 mrn.^ 0^ at 38° in 60 mins.), but on the addition of 
CUSO4 (o X 10-5 Jf) the oxygen uptake was 98-5 % of the theoretical and was 
complete m 60 minutes. (In confirmation of Voegtlin, Johnson and Rosenthal’s 
fandmg It may be mentioned that 6 times this amount of Fe, in the form of thrice 
recrystaUised ferric ammonium sulphate, was almost without effect on the 0. un- 
take ui phosphate buffer.) “ 


^ ^0 40 60 80 100 !20 

Time (mins.) 


I’lg. 3. Actim of iodoacetate on midialysed liver extraot. 


Onno added at 0 mins. 

C 71 p added at 35 mins. 

of ICaCOOH : 0 Tl Concentration 

lactic acid formed; A, 1-72 • D p n 7n„, /oc m Cliemical estimation of 

lated from pressure ehmges) ’ ’ “ 


' % respectively of that calcii- 


Bromoacetic acid was purified^ bv^rerTTir™^^^^ Lundsgaard. 

acid by redistillation i/mcuo ^TW chloroacetic 

and neutrafised with NaHCo" j\11 o-ln ^ dissolved in glass-distilled water 
wimiNa±i003. All glass-ware was cleaned with chromic acid 
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and well rinsed with glass- distilled water before drying. Fatiiraily, the liver 
extracts were not metal-free, but the use of these precautions prevented loss 
of part of the glutathione by oxidation before the experiment was begun. 

Crude liver extract. A portion of the acetate-precipitated liver extract was taken 
before dialysis, or in another experiment after only half an hour’s dialysis to re- 
move the greater part of the acetate. The COg-retention correction of the former 
was 20 % and of the latter only 6 % . Bicarbonate was added and N2 + 5 % COg 
passed, w^hen the was 7-4. These extracts w’^ere strongly active without 
added GSH ; relatively high concentrations of iodoacetic acid were needed to 
inactivate them. From Fig. 3 it will be seen that the activity of the crude 
extract is not impaired by incubation. lodoacetate in N 12000 concentration 
had no action; A7420 caused a perceptible though slight retardation of lactic 
acid formation whilst the N /lOO solution inhibited to about 50 % . The chemical 
estimations showed that the manometric estimations fairly represented the 
lactic acid formed wdth the two lower concentrations (96 and 90 % of the 
manometric readings corresponded to the amounts of lactic acid found by 
Clausen determination); with the concentrated solution the discrepancy was 
greater. The experiment shows that a high concentration of lodoacetate is 
necessary to inactivate the imdialysed extract. 

Dialysed liver extracts. Fig, 4 shows the reactivation of an extract dialysed 
for 3 hours by the addition of glutathione after the extract had been inactivated 
by incubating for 70 mins, with A7IOO and A/420 lodoacetate. Recovery of 
activity was complete and instantaneous on the addition of GSH equivalent 
only to 7^0 of the amount of lodoacetate added. This effect is still clearly 
shown by the extract after prolonged dialysis has reduced almost to zero 
its power to form lactic acid without any addition other than methylglyoxal. 
Fig. 5 shows the behaviour of an extract dialysed for 12 hours and the 
amounts of glutathione necessary to restore its activity. This extract was 
then shaken for 40 mins, in the thermostat wdth the addition of methylglyoxal 
to all vessels, and to some of lodoacetate also, in suitable concentrations. 
Glutathione (0*01 mg.) was then added from the side-bulbs attached to the 
vessels, when as Fig. 6 shows, reactivation was complete with those vessels 
which had 10““^ and 10"® M lodoacetate (the latter is a 30-fold excess over the 
amount of glutathione used). On the other hand in the 300-fokl excess pieseiit 
in the case of i¥/100 lodoacetate, this small amount of glutathione was ™able 
to bring about complete reactivation, and the lactic acid formation as showii both 
by manometric and chemical estimation fell to about 60 % of the control without 
lodoacetate. The explanation of the phenomenon of reactivation in the presence 
of an excess of the inhibitor, which has been repeatedly confirmed, might lie 
either in a destruction of lodoacetate by incubation with liver extract, or w ic 
there is no direct evidence, or it is more probably due to a i^i^ch 
reaction of GSH with the glyoxalase system than the reaction oi GbM with 
iodoacetic acid. The reaction with the enzyme system is certamly rapid, m view 
of the immediate recovery of activity resultmg in an instantaneous and vigorous 

formation of lactic acid on adding GSH. 4.1 ^ 

The behaviour of the dialysed extract is very differcmt froni that ot the 
cruder, undialysed preparations. Fig. 7 shows an experiment mti le same 
extract as that used for the experiment shown in Fig. 4, but after a iurther 
5 hours’ dialysis (8 hours in ah) the glyoxalase action, without addition other 
than methylglyoxal, is now reduced to a low level, though the spon ane ^ . 
increase of activity with time [cf. Lohmann, 1932] was rather ' 

normced with this extract, as is shown by the upward curvature of the controls. 
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Time (mins.) 

Fig. 7. 

1 ig. 4. Ltmr extract dialysed fo,- three Imm. Meactivation by OSH after inactivation by lORjOOO B 
n Wyoxal added at 0 mins. 

es mins! and olm^VsH^addrf^a Methylglyoxal added at 
C. Addition of 6-2 mg. GSH to 2-4 mg. ICH^COOH. 

Kg. 5. A moun t of GSH needed to activate extract dialysed for 12 hours 

A CWrolu-ithont added GSH. 0-01 mg.; G, 0-020 mg.; 7>, 0-05 mg. GSH. 

■ ig. of dialyse 

ICI^COOh!*^^^^’ “s-) added after 40 mins, treatment at 30° with 

% OthenviseasH. 

10 *J4. Otherwise as .B. 

contfols. .S, 0'4Sm<T ^Ql o/ ■i. n fro nr, 

metric). =• ' -o)’ 0'79 mg. (95 %); D, 0-78o mg. (95 % of mano- 

Kg. 7. Extract dialysed fcer eight hows. 

To P°'n^n GSH or ICUCOOH. 

also, 20 mins, before ex^Sit be|m ^ tohyWyoxil^^^^ ^ ^ iodoacetate 
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TMs extract was strongly activated by addition of glutathione in 1-2 x 10-^ If 
concentration, and an exactly equivalent concentration of iodoacetic acid re- 
duced the lactic acid formation to the level of the control without added GSH. 
The dialysed extract is therefore more than one hundred times as sensitive to 
iodoacetate as the cruder extracts, and the amount of iodoacetate required to 
bring about inactivation is almost exactly equivalent to the amount of gluta- 
thione added. 

Intact tissues. The behaviour of slices of intact liver, studied hj Warburg's 
method, by suspending in 2 cc. bicarbonate-Ringer solution at 38^^ andpu 74, 
in an atmosphere of Ng + 5 % COg, much more closely resembles that of the 
highly purified extract than it does that of the crude glyoxalase preparations. 
Two experiments are reproduced in Pigs. 8 and 9. In the former equal weighed 




Mg. 8. Bat-liver slices. 

Each, vessel contained 50 mg. moist weight ; all were put into the bath 60 mins, before 


first reading at 0 mins., when niethylglyoxal was added. 

A and i?. Controls -vv-ithout ICHgCOOH; C’, ICHoCOOH^l-i 

B, 24 X 10-3 iCHaCOOH. 0-1 mg. GSH added to all except B at 100 mins, 
Fig. 9. Bat-liver slices. 


A. Control without ICH 2 COO.H. -rr^TT /-<r^r.Tr 1 r IJ* +111 1 

B. Time incubated 20 mins, with 1-5 x 10-^ M ICHoCOOH before adding niethylglyoxal. 

C. As J5 but with 5 x lO—-^ itf 


portions (50 mg.) of the slightly rinsed shoes were placed in the vessels and to 
some of these iodoacetic acid in concentration vaindng from 1*5 x 10 ' to 
2-4 X i¥ was added. The slices were shaken in the manometer vessels m 
the thermostat for 70 mins, before adding the methylglyoxal solution (0'2 cc.) 
from the side-bulbs attached to the vessels. Definite urhibition of glyoxalase 
action was shown in the presence of even 1-5 x 10 ^ M iodoacetate, win st 
with 3 times this concentration the activity was only about 40 % of me controls. 
The activation on adding glutathione (0-1 mg.) to the contents of the vessels 
was very marked, though with the highest concentration of iodoacetate used 
{2-4 X 10"® M) the conversion of the methylglyoxal was only partially complete 
(Pig. 8). 
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It was found that this long preliminary treatment of the liver slices with 

lodoacetate is unnecessary. In the experiment represented in Mg. 9 the con- 
ditions were the same, but the methylglyoxal (not the same solution as in 
ing. 6) was added to the tissues 10 minutes after the first reading (in all ^0 

minutes after adding the iodoacetate and placing in the bath). The curves show 
that there IS a definite inhibition of glyoxalase activity in the intact tissue slices 

oy 1*0 X 10 M lodoacetate, even after this short incubation time. 

Summary. 

1 . When neutral solutions of sodium iodoacetate and glutathione are mixed 
a leaction occure which foUows the bimolecular law and results in the elimina- 
tion of iodide and the formation of a thio-ether. The behaviour of bromoacetate 
IS Similar but less vigorous, whilst that of ohloroaeetate is much less so- the 

cysteme a similar reaction occurs, and the pure 
leaotion product has been prepared in good yield under conditions of reaction 
and temprature not very different from the physiological. reaction 

bv glyoxalase activity is reversed completely 

J addition of glutathione to the inactivated extract. It is therefore the 
coe^j-me of glyoxalase that is inactivated by iodoacetate tee 

concentration of iodoacetate necessary to 
mhibit gljoxalase preparations depends on the method of nrenaration nf the 

-ided 8h«hio„e."‘thi 

conversion of synteetiemeteXw^ the 

same order as that rivrebs 19911 ree • i + hy mtact tissues is of the 

into lactic acid S' tesuef ^ ^ conversion of glucose 

at tee Cancer Research Stute Zl Ty ’ completed 
Empire Cancer Campaign, Newcastie-on tX Tof r British 
to express his thanks. The United Yeast p° ®y,^®®®h®dies he wishes 
facilities for the supply of yeast used ter + 1 , Wany, Ltd., kindly provided 
ppij 01 5 east used for the preparation of glutathione. 
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CLIII. THE APPROXIMATE DETERMINATION 
OF SPERMINE IN SINGLE HUMAN ORGANS. 

By GEOFFREY ARTHUR HARRISON. 

From the Laboratory of Chemical Pathology, St Bartholomew’s Hospital. 

(Received May 20th, 1933.) 

spermine in tlie average human prostat^^ ° relatively large quantities of 

The modified method. 

with picric aoid. The crud^nerSLKf extract is precipitated 

and then into the characterLic nboLh^ is converted into the hydrochloride, 
Tb, pb.spb.S“^£“Se" r “““■ 

water-bath for severl/ws’ absXte'XXn*^ 

process It is theu stored in 1 taeul dt^l dicing 

<l«ed organ is extracted vith ether for 2 to 6 homsTn 180 ^/ + weighing, the 

more satisfactory to weigh the organ after eti apparatus (when very fatty it is 

tatively from the Soshlet thimble Lto a <.Iass-stL a “ transferred quanti- 

-’■o % trichloroacetic acid is added to a total of 10 cylinder of suitable capacity, 

cther-extracted) material is made up tea tt "f lo ‘"i r dried and 

is thoroughly shaken at intervals, extraction beiiJ an ^^/ddition of the acid. The mixture 
traction in volume is made good b/adto o7m . 
decanted and cleared as much as possible by centrifuai^cfoffiir^’ 

fluid IS clear or only slightly opalescent. Its volume is me^u ^ ^ tte final 

aqueous picric acid is added. The mixture is heated no n. f volume of saturated 

only slightly opalescent. The flame is tumid oil anj c" T u ^ ^-t«-bath till it is clear or 
temperature. (This makes the subsequent separation of slowly to room 

for a few hours (conveniently overnight) thi mVrat Pr™ate less difficult.) After standing 
eentrifuging (filtration is generaUy less ’safefelZo P^®“P?tate is separated by decanting and 
incubator at 37“ overnight) It is Ihrlsllf ; is roughly dried in ah- (e.^. in the 

trated HCI 7 oc., water 43 cc., alcohol to 200 el) and tCw’^'T (concen- 

riie precipitate of crude spermine hydrochlorides I of acetone, 

boxhlet thimble placed in a conical funud-Iwu ®d off, most conveniently throuc^h a 
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is dissolved ill the niiiiiniiini of hot water, a few cc. being added at a time followed by gentle 
suction. Phenol red is added as indicator, and then drop by drop a concentrated aqueous solution 
of diammoiiinm hydrogen phosphate until a of 7-0 to 7*2 is attained. After adding 1/3 vol. 
of absolute alcohol, the mixture is allowed to stand overnight at room temperature for the 
crystals of spermine phosphate to separate. The crystals are finally filtered ofi’, washed with 
25 % and then with absolute alcohol, dried and weighed. The following is an example of the 
calculation : 

Fresh w^eight of minced prostate, 22-85 g. 

Dry weight of same, 4-52 g. 

Made up to total volume of 45-2 cc. with 2-5 % trichloroacetic acid. 

Volume of filtrate, 30-5 cc., which corresponds to 3-05 g. of dried prostate. 

Weight of dry spermine phosphate, 9*5 mg. 

9-5 X 100 


3-05 


■p — =311 mg. per 100 g. dry prostate, 


Therefore yield of spermine (as phosphate) = 

9-5x100 4-52 iaa ^ 

; = 61-5 mg. per 100 g. fresh prostate. 


3*05 


22-85 


Method for human semen. 


A measured volume of semen is thrown into at least 5 volumes of absolute alcohol, mixed 
well and allowed to stand several hours (e.gr. overnight). The precipitate of protein and spermine 
phosphate and other substances is filtered ofi with suction, washed with absolute alcohol and 
dried in air. The precipitate from each ec. of semen is made up to 5 ce. mth 2-5 % trichloroacetic 
acid, and treated subsequently exactly as described above. 

Notes on method. 

The organ must be dried and (in most cases at any rate) extracted with ether. If the fresh 
organ is extracted directly with trichloroacetic acid, the extract contains fat and other substances 
in such a fine state of division that it cannot be cleared satisfactorily by centrifuging or filtering. 

The crude spermine pici’ate generally comes out so finely divided that it is difficult or im- 
possible to separate it by filtration. By redissolving with heat and slo^v cooling, followed by 
centrifuging, this difficulty is largely eliminated. 

By the method above described the weighing of the picrate [see Harrison, 1931] can be 
avoided — an important point when dealing with such small quantities. 

If the yield of spermine phosphate is relatively large, or if it is grossly pigmented, it is better 
to complete the precipitation by adding an equal volume of alcohol, then to redissolve the preci- 
pitate in boiling water, decolorise with charcoal and filter hot; phenol red is added to the filtrate, 
the reaction is adjusted if necessary, and 1/3 vol. of absolute alcohol is added as previously 
described [Harrison, 1931]. 

Several experiments were made on the time required for extraction by trichloroacetic acid. 
There was no significant difiereiice in the yields when half the gland was extracted for 2, and 
the other half for 24 hours. 

For the reason given below, the present method is not so accurate as the steam-distillation 
method. The latter is therefore to be preferred when working with large organs or with large 
numbers of pooled small organs. The present method is useful for single small organs, or as a 
preliminary test to discover roughly how much spermine an organ or other material contains. 


Discussion of results. 


The organs were all obtained post mortem; the cause of death is indicated in 
the Tables. To outward appearance none of the organs analysed was diseased ; 

those cases in -which abnormahties of the particular organs would be expected 
from the nature of the cause of death were excluded. The results have been 
arranged according to the subjects’ ages. Some of the pancreases obtained for 
analysis were incomplete, portions being required for other examinations. When 
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examined microscopieaUy the crude spermine phosphate finally obtained wa=i 
seen in the case of the prostates and human semen, to consist almost entirely 
ol the t^TDical lenticular crystals. The final material from testes contained I 
httle amorphous matter. The crude phosphate from pancreas contained quite 
an appreciable amount of amorphous matter; the yields reported for spermine 


•Patient years 


Spermine 
(as phosphate) 
mg. per 100 g. 

Dry S’resh 
gland gland 


b. w. 

15 

47 

c. M. T. 19 

188 

G. T. 

31 

427 

G. G. 

31 

346 

W. M. 

35 

326 

J. G, 

38 

625 

H. P. 

39 

1219 

P. B. 

39 

227 

K. T. 

41 

628 

J. S. 

42 

86 

E. R. 

47 

311 

P. B. 

49 

1410 

E, T. 

50 

158 

W. E. 

55 

663 

W. w. 

57 

1293 

W. Wd. 

59 

506 

R. M, 

60 

965 

w. a 

60 

989 

J, B. 

61 

1358 

G. P. 

65 

557 

W. B. 

66 

695 

W. N, 

66 

22 

-P. S. 

J, 1\L 

66 

930 

67 

387 

J. G. 

72 

302 

Average*^ : 

582-6 


66 

117 

266 

45 

125 

15’6 

62 

26 


98 

182 

255 

145 

131 

5-6 

173 

82 

61 


Table I. Prostates, 


Weight of 
prostate, g. 


Dried 

0*19 

1-03 

1-34 

1- 47 

3- 93 

2 - 20 
2-49 
5-24 

4- 34 
2-25 

2- 46 
4-52 
2*80 

3- 05 
3-00 

2- 32 
6*07 

3- 04 

4- 06 
2-10 

13-72 

3-26 

3- 09 

4- 69 
2-16 
2-75 


Fresh 

0-96 


20- 7 

13-3 

24-1 

21- 9 
11-4 
13-5 

22- 9 

18-8 


31-3 

22-1 

11-2 

52-7 

17-4 

12-0 

25-2 

10-2 

13-6 


^ Cause of death 
Cerebrospinal fever 
Malignant endocarditis 
Septic endocarditis 
Lymphadenoma 

Subphrenic abscess; septic meningitis 

Exophthalmic goitre 

Tuberculous bronchopneumonia 

Pontine haemorrhage 

Addison’s disease 

Carcinoma of pancreas 

Hodgkin’s disease 

Hew growth and abscess lung 

Gastric ulcer: broncho -pneumonia 

Eamilial jaundice: peritonitis 

Gastric ulcer 

Gastrectomy: peritonitis 

Fractured skull 

Contracted kidney: uraemia 

Emphysema; cardiac failure 

Rheumatic carditis 

Contracted kidney: uraemia 

Perforated gastric ulcer 

Renal tuberculosis and permephrio abscess 

Abdominal neoplasm 

Myocarditis 

Duodenal ulcer: arteriosclerosis 


* Excluding W. S., age 8. 


Patient 
a C. 

G. McC. 

C. S. C. 
C. H. 

W. B. 

H. B. 

A. B. 

C. B. 

C. H. 

T. B. 

H. 8. 

B. C, 

C. A. 

W, B. 


Spermine 
(as phosphate) 
mg. per 100 g. 


Table II. Testes, 


Age 
years 

32 
34 

37 

38 
42 

45 

46 
50 
57 
61 
61 

62 ■ 

65 

66 
‘‘Average: 


Dry 


Fresh 

gland 

gland 

102 

16-0 

108 

14-5 

47 

7-1 

92 

12^ 

23 

3-5 

12 

1-7 

58 

9-8 

71 

12-0 

70 

11-6 

71 

11-0 

81 

12-0 

52 

9-3 

65 

10-0 

29 

4-4 


Weight of pairs 
of testes, 


63 


Dried 

6-24 

4-91 

4-54 

3- 36 

4- 20 
205 

4- 11 

5- 36 

6- 39 
3-15 
4*54 
5-62 
3-83 
2-64 


Fresh 

39-9 

36-7 

30- 4 
25-2 
27-3 
14-1 
24-4 

31- 7 
38-3 
20-4 

30- 5 

31- 3 
24-7 
17-7 


9-7 


Cause of death 
Arthritis of hip : septicaemia 
Uironic rheumatic carditis 
Chronic nephritis 
Carcinoma in lung 
Coronary thrombosis 
Phthisis 

Contracted kidney : uraemia 
Carcmoma of bladder 
Carcinoma of pancreas 
Peritonitis 
Pelvic neoplasm 
HCl poisoning 
Carcinoma of liver 
Perforated gastric ulcer 
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Table III.. Pancreases. 

Spermine 
(as phosphate) 

mg. per 100 g. Weight of 



Age 

Dry 


pancreas, g. 

f ^ 


Patient 

years 

gland 

gland 

Dried 

Fresh 

Cause of death 

T, E. 

16/365 

Present 

0-31 

1-09 

Umbilical sej)sis: bronchopneumonia 

E. G. 

4 

303 

61 

2*24 

11-1 

Diarrhoea and vomiting 

W. S. 

8 

253 

54-5 

6-14 

28-5 

Cerebrospinal fever 

W. McS, 

19 

201 

43 

16-81 

78-9 

Acute rheumatic carditis 

E. E. 

26 

123 

27 

6-78 

30-9 

Mediastinal tymphosarcoma 

H. B. 

37 

151 

50 

12-55 

38-1 

Peritonitis 

J. C. 

38 

123 

45 

22-69 

61-6 

Tuberculous bronchopneumonia 

J. S. 

42 

230 

40 

12-59 

72-4 

Hodgkin’s disease 

H. a 

50 

254 

46 

8-36 

45-9 

Perforated gastric ulcer 

E. S. 

50 

156 

30 

15-27 

79-9 

Lymphatic leucaemia 

W. E. 

55 

210 

— 

14-65 

— 

Gastric ulcer 

w. c. 

60 

159 

16-3 

3-89* 

37-8 

Emphysema; cardiac failure 

J. B. 

61 

105 

13-5 

13-08* 

102-0 

Rheumatic carditis 

C4. P. 

65 

117 

15' 1 

8-13* 

62-9 

Contracted kidney; uraemia 

J. G. 

72 

239 

50-8 

14-03 

66-0 

Duodenal ulcer; arteriosclerosis 

Average : 

187-4 37-9 

* Weight of dried organ less ether-soluble matter. 


Table IV. Miscellanemis. 



Age 

Spermine 
(as phosphate) 
mg. per 100 g. 

Weight of 
material, g. 


Amorphous 
im,purity 
in spermine 

Material 

years 

Dried 

Fresh 

Dried 

Fresh 

Cause of death 

phosx3hate 

Stomach 

15 

127 

22 

22-9* 

129-9 

‘ Miliary tuberculosis 

Little 


50 

101 

18 

22-1 

127-8 

Suppurative cholangitis: car- 
cinoma of common bile-duct 

” 


63 

79 

14 

24-0 

138-9 

Duodenal ulcer 


Small 

15 

167 

20 

43-8* 

364-1 

Miliary tuberculosis 

Fair quantity 

intestine 

47 ^ 

141 

19 

58-0* 

428-6 

Gastric ulcer: peritonitis 

Little 


48 

129 

17 

19-2* 

150-4 

Pneumonia 


Large 

15 

34 

4-6 

33-2 

247-0 

Miliary tuberculosis 

Fair quantity 

intestine 

47 

65 

S-6 

25-2* 

191-0 

Gastric ulcer: peritonitis 

Little 


48 

182 

24 

57-6* 

444-1 

Pneumonia 

Spleen 

40 

76 

16 

57-0* 

275-6 

Cerebral abscess: empyema 

J? 

■ 53 

111 

26 

20-5* 

88-0 

1 — 

>j 


55 

52 

13 

24-8* 

100-5 — 

jj 


65 

112 

22 

12-7* 

65-3 

; Carcinomaof common bile-duct 

jj 

Uterus 

42 

31 

8 

11-5 

44-a 

; Carcinoma of colon: peri- 
tonitis 

Fair quantity 


49 

46 

11 

22-1 

92-5 Mediastmal growth 



54 

18 

5 

11-4 

41-3 Lobar pneumonia 

SJ 

Pairs of 

41 

26 

4 

2-0 

12-8 Suppurative perinephritis 

Considerable 

ovaries 

54 

11 

2 

1-1 

4-4 Lobar pneumonia 


Thyroid 

49 

20 

5 

2-0 

7-8 Mediastinal growth 

Fair quantity 

57 

15 

5 

5-8 

15-6 Duodenal ulcer 


Semen 

65 

38 

25 

7 2 3-5 13-^ 

Date mg./ 

(1932) 100 cc. cc. 

26. ii 233 — 3-0) 

4. iii 112 — 3-5 i 

15. iii 268 — 3-3 ' 

29. iv 170 — 4-5 i 

14. vi 160 ~ 3-2 

21. vi 154 ■ — 2*7 J 

— 63 — DO 

* Weight of dried orgai 

1 Suppurative diverticulitis: 
gangrene of colon 

- Same individual 

Healthy individual 

1 less ether-soluble matter. 

JJ 
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pliospliate are therefore definitely too high, though probably not more than 
+ 10 % . With some of the other organs reported in Table IV the proportion 
of amorphous matter was still greater (see last column of Table IV), but the 
figures at least indicate that in all these organs, spermine, though present, is not 
ill excess of the amounts found generally elsewhere; they extend the contrast 
between the yields from prostates and other organs respectively, because several 
of the organs in Table IV had not been exammed in the previous investigation. 

The amorphous matter in the crude spermine phosphate finally separated 
was mainly protem or cleavage products of protein. 

The average yield from prostates (Table I) in this series (109*1 mg. per 100 g. 
of 17 fresh prostates) is of the same order as the previous yield [Harrison, 1931] 
of 130 mg. per 100 g. from 1594 g. of pooled organs collected under alcohol. 
-But the individual results vary enormously (5*6 to 266 mg.), and no correlation 
is apparent between yield and either the patient’s age, or the size of the gland 
or the type of disease causing death. The range is so great as to make it unhkely 
that similar estimations in diseases of the prostate would be of any value, ft 
would seem that the quantity of spermine in the prostate is fortuitous. Possibly 
any excess in the body is excreted by this gland. Certainly the results do not 
suggest that spermine has any particular functional significance in connection 
ivith the prostate or with reproduction. 

It has been possible to make only a few determinations on normal human 
semen (Table IV). The results vary considerably; this is strikingly shown in the 
series of observations on one individual over a period of 4 months. Since the 
spermine of semen is probably mainly if not entirely derived from the prostate 
[Harrison, 1931] these findings are to be expected. 

The spermine contents of 14 individual pairs of testes (1 *7 to 16 mg., Table II) 

\ ar^v much less than those of prostates. They are of the same order as previously 
lepoited foi pooled testes and are not above the amounts found generallv in 
the organs of tlie body. 

The results for 13 mdividual pancreases (Table III) vary from 13*5 to 61 mo'. 
per 100 g. fresh gland, mth a mean of 37*9 mg., as against the value of 16*1 
previoiisly reported for 3361 g. of pooled pancreases. As explamed above the 
present figures are a little too high in view of impurities. 

Summary. 

1. A method is described for the approximate determination of spermine; 
tins IS usetul m examining single small organs or a single sample of semen, and 

as a prelnnmaiy test to discover whether material contains significant amounts 

Of spermine, 

2. I he spermine contents of individual normal prostates obtained post 
mor m vary enormously. Though the average yield is high, confirming previous 
woi t ie conclusion is dravm that the amount is fortuitous, possibly repre- 

possible lunctional significance of spermine. 

nnvL proximate spermine contents’of a few more human organs are re- 
poitecl, thej are of the same order as found in aU organs other than the prostate. 
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CUV. THE RELATION OF LACTIC ACID 
AND ALANINE TO GLYCOGEN FORMATION. 


By THOMAS HAROLD HODGSONS 

From the Physiological Laboratory, St Thomas's Hospital, London. 

{Received July 1st, 1933.) 

The iiitermediar}^ stages in the transformation of alanine mto glucose are not 
clearty understood. The aniino-acid may either undergo hydrolytic deamination 
yielding lactic acid, or be converted into p37Tuvic acid by oxidative deainiiiation. 
Evidence that it is finally converted into sugar and the quantitative relation- 
ship which exists have been furnished by making use of the glycosuric organism. 
Thus Ringer and Lusk [1910] gave 20 g. of d^Z-alanine to a phlorrhizinised dog 
and observed its complete elimination as 20 g. of urinary glucose. Mandel and 
Lusk [1906] showed that d-lactic acid was completely converted into glucose 
in the diabetic organism and that 70 % of the c^Z-lactie acid could be so trans- 
formed. Ringer [1913] showed that pyruvic acid is convertible into glucose when 
administered to the giycosiiric organism. 

An alternative method of demonstrating the conversion of amino-acid into 
glucose, and one which can be shovm in a normal organism, seems to be the 
measurement of fiver- and muscle-glycogen following administration of the 
amino-acid. Neuberg and Langstein [1903] gave 20-30 g. of dl-alanine to 
starving rabbits and found from 1 to 2 g. of glycogen in the fiver. Muscle -glycogen 
was not measured. They recovered from the urine of their animals an amoiint^ 
of lactic acid corresponding to 2 g. of zinc lactate. Regarding the formation oi 
glycogen from lactic acid itself contradictory results have been ^ obtained. 
Barrenscheen [1914] perfused the isolated livers of rabbits and dogs with sodium 
lactate and was unable to demonstrate glycogen formation. Abramson, Eggleton 
and Eggleton [1927], using dogs anaesthetised with ether and amytai, were 
unable to demonstrate glycogen synthesis in the fiver following intravenous 
injection of sodium c^Z-lactate, although the injection of glucose under the same 
conditions yielded glycogen in the fiver. Cori and Cori [1929] found that sodiiiiii 
lactate, when fed by mouth or mjected subcutaneously, led to glycogen de- 
position in the fiver. ^ i 

Efforts to demonstrate an increase in liver-glycogen in normal anmiais are 
complicated by such important considerations as the obtaining of refiable con- 
trols and the use of operative procedures designed to prevent excessive exci a- 
tioii. Adult rabbits are not a good medium for work of this kind on account 
of the marked irregularity in the glycogen content of the tissues even wlitni 
every precaution is taken to have the animals fed and othervnse treated alike. 
Young rabbits on the other hand are capable of fuinishhig ] ^ con lo s,. 
especially when of the same fitter, because of the uniformity of then* fiver- am. 
muscle-glycogen content. 

1 Ellen Mickle Fellow, University of Toronto. 
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Experimental. 

Young rabbits of the same litter were used. Blood- sugar was determined 
by MacLean's method, blood from the carotid artery being taken. Glycoo*eii 
was determined in liver and muscle in the following inainier. The feet and head 
of the aiiiinai were held and the carotid artery on one side severed with a sharp 
razor. Prom the blood thus obtained approjiriate amounts for the various 
estimations w^ere immediately taken. The animal was killed by a sharp blow 
on the back of the head, extended and the abdomen rapidly opened. The liver 
w-as quickly removed, the gall bladder detached, ■ the posterior lobe cut off, 
weighed and dropped into boiling 60 % potassium hydroxide (1 cc. to 1 g! 
tissue). This process, from the time of killing the animal until the addition to 
the potassium hydroxide, did not occupy more than 90 seconds. Meanwhile the 
posterior extremities were skinned and the anterior tibial and gastrociiemii 
iniiscles removed, weighed and dropped into boiling potassium hydroxide. The 
remainder^ of the liver was weighed and discarded. The tissue was allowed to 
iiy droiyse in the potash for 3 hours, then 3 cc. of glacial acetic acid were added and 
the mixture filtered. Of the filtrate an aliquot part w^as taken into a hard glass 
centrifuge-tube and precipitated with absolute alcohol, lifter standing one-half 
hour the tube was centrifuged, the supernatant fluid drained off, 2 cc^of 2*2 
lyydrochloric acid added, and the gtycogen liydi’olysed to glucose in a boihii^ 
water-bath. After cooling and neutralising wdth KOH the solution was made 
up to a known! volume and filtered througli a starch-free filter-paper. The cflucose 
was estimated by the method of von Issekiitz and von Both [1927]^ which 
depends on the reduction of potassium ferricyanide, and the quantities were 
so adjusted that amounts of glucose only up to 15 mg. could be estimated. This 
teclniique is particularly suitable for accurate glycogen determinations. 

Blood- and urine-lactic acid estimations were made by the method of 
nnedemaiiii, Cotonio and Shaffer. Blood- and urine -amino -acid estimations 
were made by the method of Eolin. 

O , /' rabbits were taken. They were deprived of food for 

-4 hours before expemnent. Five, were used as controls and the other five were 
each pven an mtravenous mjection of 2 g. of sodium dl-laetate. The 

bours after injection. The control animal and the corresponding 

injected animal are from the same Htter in each case. 


No. 
Controls : 
1 
2 

3 

4 


Weight Blood-sugar 
(g.) (mg./lOO cc.) 


Glycogen (%) 


1000 

1100 

850 

900 

850 


90 

58 

45 

45 

oi 


Liver 

0481 

0*513 

0*292 

0*643 

0*726 


Injected animals (2g, sodium dl-lactate intravenously): 


8 

9 

10 


1100 

67 

1*635 

1*512 

1100 

79 

1000 

62 

1*594 

930 

168 

2*056 

850 

330 

1*850 


A 

Muscle 


0*371 

0*584 

0*110 

0*592 

0*362 


0*314 

0*450 

0*148 

0*461 

0*371 


Liver- 

glycogen 

(mg.) 

143 

163 

63 

195 

163 


579 

553 

503 

744 

445 


Blood- 
lactic acid 
(mg./ 100 cc.) 

64 

44 

33 

44 

24 


83 

96 

93 

66 

67 


These ijsulte show an average mcrease in Uver-glycogen of 400 There 
.. no sigmhcant change hr the glycogen content of uLcfe, norln the’ blooY 
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suo’ar values. The average blood-lactic acid value rose from 41*8 mg./lOO cc. 
ill the control animals to 81 mg./lOO cc. in the injected animals. The amounts 
of lactic acid in the urines of Nos. 7, 9 and 10 were measured and found to be 
0*39 g-j 0-113 g. and 0-196 g. This shows a variable excretion of from 5 to 20 % 
of the injected sodium lactate as lactic acid hi the iirme. 

Ex 2^. 2. Four animals from the same litter were taken and two of them 
given 2 g. of sodium cZMactate intraperitonealljr each. Before experinientj Nos. 1 
and 3 were deprived of food for 12 hours. Nos. 2 and 4 for 24 hours, in order 
to show whether a greatty depleted hver-gly cogen was a sme qua non for 
glycogen formation. 

Glycogen {%) 



Weight 

Blood-sugar 

r 

No, 
Controls : 

(g*) 

(mg./lOO cc.) 

Liver 

1 

1300 

85 

4-990 

2 

1300 

81 

0-533 


ro/ \ 
i /o) 

Liver- 

Blood- 

'1 

glycogen 

lactic acid 

Muscle 

(mg.) 

(mg./ 100 cc.) 

0-612 

2065 

53 

0-409 

208 

50 

0-604 

5704 

117 

0-268 

768 

no 


Injected animals (2 g. sodium dWactate intraperitoneally ) : 

3 1300 95 1043 

4 1200 171 2-284 

It will be seen that the results obtained b3^ intraperitoneal hijection parallel 
those resulting from intravenous injection. Also that an initial level of 5 % 
glycogen in the liver does not preclude a rise to 10 % following lactate adminis- 
tration. 

Ill view of the rapidity with which the young rabbit forms liver-glycogen 
from lactic acid it is reasonable to expect a similar increase in liver -gtycogen 
from alanine, if lactic acid be considered an intermediary product in the trans- 
formation of alanine into glucose. 

Ex'p. 3. Three animals from the same Mtter were deprived of food for 24 hours 
before experiment. Tw’O of the animals were injected intravenously with 2 g. 
of d^-alanine made up to 10 cc. with isotonic sahne. Killed 3 hours after 
injection. 


Weight 

(g-) 


Blood-sugar 
(mg./lOO cc.) 


Glycogen (%) 


No. 

Control : 

1 550 75 

Injected animcds (2 g. dZ-alaniiie intravenously): 

2 525 s. 100 

3 550 75 


Liver 

0-583 

0-517 

0-570 


Muscle 

0*242 

0-228 

0-178 


Blood- ^ 
lactic acid 
(ing./lOO cc.) 

40 


37 

44 


It mil be observed that there is no significant change in hver-glycogen or 
in muscle-glycogen. Nor is there a rise in blood-lactic acid as was observed 

when lactic acid was iirjected. • . .i •„ 

An experiment was then carried out to see what was happenmg *0 ^ ‘ 

jected df-alanine. With this end in view the amino-acid and urea contents ol 

both the blood and the urine were estimated. j i • i 

Exp. 4. Five young rabbits from the same litter were taken and deprived 
of food for 24 hours before experiment. One animal w&s used as a control an 
into each of the others were injected 2 g. of df-alanine. The ammals were killed 
14, 3, 44 and 6 hours after injection. The control animal received 10 cc of 
isotonic sahne intravenously. Before being injected the urmary bladdeij of tl e 
animals were emptied, and afterwards the animals were placed over i^pUclcs 
and the urine in these and from the bladder was coUected at the end of the 
experiment. 


73—2 


1160 


T, H. HODGSOJf 



Killed 

(hours 

after 

Blood- 

Glycogen (%) amino-acid 

Urine- 

amino-aeid 

(total 

Urine - 
urea 
(total 

Urine - 
lactic acdd 
(total 

Weighi 

(g.) 

b irijee- 

tioii) 

Liver 

Muscle 

imd 

100 cc.) 

amount 

mg.) 

amount 

mg.) 

amount 

mg.) 

ConiTol : 
1150 

3 

1-67 

0-262 

9-39 

5-48 

115 

0-594 

Injected ammals (2 g. 

1100 u 

r?Z-alaiiine intravenously) : 
1-47 0-266 

24-7 

84-2 

50 

6-9 

975 

3 

1-62 

0-490 

21-8 

80-4 

54 

5-23 

1300 

44 

1-75 

0-230 

15-0 

106-2 

105 

16-6 

1150 

6 

1-75 

0-315 

13-4 

98-3 

192 

9-76 

The 

values obtained for 

blood-urea 

and blood-lactic 

acid were 

without 


J.11C ioijua.iivciuit; uuiisLciiiuy ui Liie iiver-giycogeii vaiiies will De at 
once a.ppamit. Tliere is no significant change in mnscle-gljj^cogen. On an average 
less than 5 % of the injected, amino-acid was excreted as such in the urine. The 
excretion of urea does not show the increase that might have been expected. 
Although, there is a slight increase in lactic acid excretion, the absolute values 
are very small. 

Having in. mind the possibility that enough time had not been allowed to 
show glj^'cogen deposition, the following experiment was devised. 

(5. Two young rabbits from the same litter were deprived of food for 
24 hours before experiment. The control animal was given three 10 cc. injections 
of isotonic saline -at intervals of 2 hours. The other animal was given three 
injections containing^ 1 g. of d^alanine in each injection, also at 2-hourh^ in- 
tervals. Both were Mlied 24 hours after the first injection. Urine was collected 
as m Exp. 4, 

Glycogen (%) 

Weight r ^ 

(§•) Liver Muscle 

Control: 

1050 0-282 0-130 

^l-Almime’^mjected animal (3 g.): 

1025 0-303 0-240 

nie same negative results as in Exp. 4 were obtained again. Of 3000 mg 
ot rfbalanine injected only loo were excreted in the urine. The lactic acid excre- 

tioii m each case is an equal but negligible quantity. 

investigate the problem under conditions as nearly normal as 

possif3ie the alanine was given orallv. 

jouiig rabbits from the same litter were deprived of food for 
rec4vrib ! r used as controls and the other two each 

if 6 hour^ stomach tube. The animals were IdUed at the end 



Urine- 


Urine - 

Blood- 

amino -acid 

Urine-urea 

lactic acid 

amino-acid 

(total 

(total 

(total 

(mg./ 

amount 

amount 

amount 

100 cc.) 

mg.) 

mg.) 

mg.) 

9-3 

5-25 

3488 

0-09 

8-1 

155-2 

3183 

0-09 


No. 

Controls 

. 1 . 


Weight 


(g-1 

Liver 

850 

0-505 

625 

0-494 


Glycogen {%) 


Muscle 

0-174 

0-165 


CX-Alanme-arkfiimstered animals (2 g. orally): 


875 

500 


0-390 

0-445 


0-228 

0-173 


Blood- 
amino- acid 
(mg./ 
100 CC-.) 

10-9 

8-9 

22-6 

43-5 


Urine - 

Urine- 

Urine - 

amino -acid 

urea 

lactic acid 

(total 

(total 

(total 

amount 

amount 

amount 

mg.) 

mg.) 

mg.) 

3*5 

812 

3-6 

25-0 

580 

Kil 


4 
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The iiriiie secreted by^ Nos. 2 and 4 was insufficient for quantitative in- 
vestigation. No lactic acid could be recovered from the mine of No. S. The 
excretion of urea over short periods varies so much in different animals, 
that not iiiiich reliance can be placed on comparative figures. The foregoing 
experiment demonstrates the inability of the animals to lay down liver-glycogeii 
from orally administered dl-alaiiine. 

Biscussioinx 

The ease and speed 'with wffiioh lactic acid is transformed into iiver-glycogeii 
in the young rabbit is clearly demonstrated. But when t^^-alaniiie, an amino- 
acid closely allied structurally to lactic acid, the immediate deamination product 
of which may indeed be lactic acid, is injected no increase in liver-glycogen is 
obtained. To explain the discrepancy betw^een these results and the above- 
mentioned findings of Neiiberg and Langstein it is necessary to review the work 
of the latter in the light of present day knowledge. In their work no mention 
is made of the length of starvation, the age of the animals, the time interval 
between the giving of the aiiiino-acid and killing of the animal, nor what 
methods of control, if any, were used. Without careful attention to these very 
important considerations an increase in liver-glycogen may be apparent but 
iimeal. Moreover these investigators did not estimate the muscle-glycogen. If 
there had been much excitation of the animals during the experiment a decrease 
in miisele-glycogen might have been observed; and the consequent liberation 
of lactic acid in the muscles could have been responsible for formation of 
glycogen in the liver and the substantial excretion of lactic acid which they 
found in the urine of their animals, amounting to about 10 % of the weight of 
alanine given. This is approximately the lactic acid excretion obtained in my 
work after injecting sodium lactate itself. When, in my experiments, alanine 
was given quite negligible amounts of lactic acid were obtained. It is possible 
that inability to demonstrate appreciable quantities of lactic acid in the mine 
under these conditions may indicate that lactic acid is not an intermediate 
product in the breakdown of alanine to glucose. 

Since only up to 6 % of the injected alanine can be recovered as such in 
the urine, and smce urea excretion figures show little evidence of any substantial 
deamination, it is obvious that the excess of amino-acid is taken up by the 
tissues. 

In such conditions as diabetes and phloriiiizin poisoning the processes of 
gluconeogenesis are proceeding at a rate much greater than is normally caUed 
for, and the deamination of protein degradation products is so rapid that ad- 
ministered amino-acid is at once transformed into glucose, and thence under 
suitable conditions to glycogen. In the normal animal, however, the process of 
utilisation of amino-acid is comparatively slow and the tissues therefore take 
up the excess administered, and the rate of its removal from the tissues is deter- 
mined by the necessities of calorie requirements. 

SUMMABY. 

1. The ease with which the young rabbit forms liver-glycogen from injected 

sodium (fl-lactate is demonstrated. ■ ^ ^ 

2. Similar injections of dl~BlMWie cause no increase in Hver-giy cogen and 
this result serves to emphasise the great difference between the metabolism of 
amino-acids in diabetic or phlorrHzinised animals and normal animals. The most 
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probable interpretation of this result is that in the normal animal the tissues 
take up the amino-acid rapidly and release it so slowly that no appreciable 
deposition of glycogen can be detected. 

I wish to acknowledge my thanks to Dr M. G. Goldbiatt for his help and 
advice throughout the work. 
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CLV. THE PREPARATION OF GALACTURONIC 
ACID FROM PLANT MATERIALS, WITH A NOTE 
ON SOME OF ITS DERIVATIVES. 

By HOMI RUTTONJI NANJI. 

From the Biochemical Department, Imperial College of Science 
and Technology, South Kensington, /S'.TF. 7. 

(Received July 3rd, 1933.) 

So far, tlie most satisfactory source of galacturoiiio acid has been a commercial 
‘lemon pectic acid” of American origin. It was from this material that Link 
and Dickson [1930] obtained the acid in good ^deld. The commercial product 
is not, however, readily obtained in this country, and for this reason attempts 
were made to discover'^a suitable plant material, readdy available, which could 
be used in place thereof. 

A plant material with a high pectin content and relatively free from other 
potysaccharides would be ideal for the purpose. Suarez [1917] used expressed 
lemon pulp but was unable to obtain the acid in crystalhne form. Ehrlich and 
Schubert [1929] used the so-called “hydrato-pectin” from beetroot, but their 
method was tedious and the yield poor. No other attempt seems to have been 
made to use plant tissues directly for the preparation of the acid. 

Three materials were used in the attempt to prepare the acid: 

(1) sugar beet residues; 

(2) apple pomace; 

(3) lemon peel. 

Of these, lemon peel was foraid by far the most satisfactory. Crude galac- 
turonic acid was obtained from apple pomace, but it could not be separated 

from an unknown laevorotatory substance. 


Experuvibntal. . 

The lemon peel was cut into small pieces and boiled with 60 % alcohoHor a 
short time, dried, and coarsely powdered. Portions of 100 g. were hydrolysed mt h 
2000 cc. of 3 % H,S 04 for 20 hours, prehminary experiments having shown that 
a maximum yield of galacturonate was obtained under these conditions. After 
hydrolysis, the bulk of the sulphuric acid was removed by barium hj^oxide, 
which was added with vigorous stirring, and finally by shaking with baimm 
carbonate. The filtrate was evaporated to 400 cc at ’ 

twice decolorised by shaking with norite, and from the solution baimm 
galacturonate was precipitated by pouring f 

precipitate was w^ell washed with warm alcohol and drie in v ^ , 

obtained from 100 g. of the dry peel was 30 g., wi^ 

to °/ Ba The barium salt was decomposed with sulphuric acm in tl 

« ly Lii »d Nedde„ [1932] It f«»d .to. d 

did not crystallise within 2 days in a vacuum desiccator it was best to gianulate 
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it by means of dry acetone; a considerable amount of broiTO colouring matter 
remained in the acetone. 10 g. of barium salt gave a yield of 3 g. of free galact- 
iiroiiie acid as a white crystalline powder. This could then be recrystallised 
from a mixture of dilute alcohol and acetone or glacial acetic acid and ether; 
ill either case the acid was dissolved in the minimum quantity of the solvent in 
which it was soluble and then acetone or ether added till the solution was just 
turbid and allowed to crystallise. The acid was thus obtained as white crystals, 
m:.p. lo9h 

Derivatives of d-galacturo7iic acid. 

Despite the widespread occurrence of galacturonic acid among natural 
products, little information had been published, at the time this work was 
undertaken, regarding any of its characteristic derivatives. At the suggestion 
of Dr H;. W. Buston, the author commenced the study of certain derivatives of 
the acid, in order to extend the existing information in this direction. The 
appearance of a paper [1933] by Niemann et al., in which they describe a number 
of hexuronic acid derivatives, rendered a continuance of the investigation 
umiecessary. It may be worth while, however, to record details of the preparation 
of the two derivatives which, in the opinion of the author, are the most useful 
for the purpose of characterising d-galacturonic acid, and which had been pre- 
pared and studied before the publication of the paper of Niemann et al. 

(a) Ginchonme d-galacturonate. This is the most useful salt for identif 3 dng 
galacturonic acid, when it occurs as a constituent of plant products. It has a 
special advantage over some other derivatives in that it may be prepared 
directly from the barium salt of galacturonic acid, thereby rendering it un- 
necessary to obtain the acid in the free solid condition. 

Of the methods of preparation tried, the followiiig gave the most satisfactory 
results.^ 1 g. of dry barium galacturonate is suspended in .100 cc. absolute alcohol 
and 1-3 g. cinchonine sulphate (slightly less than the calculated quantity) 
dissolved in alcohol are added. The mixture is then mechanically shaken for 
4-5 hours, warmed at 40-50° for an hour and filtered when the solution is still 
warm, to remove the precipitate of barium sulphate and any unchanged barium 
galacturonate. The precipitate is then washed once or twice with warm alcohol. 
The mixed filtrate is evaporated almost to dryness in vacuo at 50°, when cin- 
chonine galacturonate reaffly crystallises out. It is triturated two or three 
times with small quantities of absolute alcohol to remove any tiiichanged 
cinclionine sulphate.^ Recrystallisation is best effected by dissolving the salt in 
the minimum quantity of hot alcohol, filtering and ad&ig excess of ether or 
acetone until a distinct turbidity appears. The solution is then made clear again 
by gmitle warming and aUowed to crystallise in a refrigerator. The salt crystallises 
out in rosettes of tiny white needles in a few hours. 

rr melts at 173° (with decomposition)!. (Found; C, 61-4 • 

H, 6-7; N, 5-7 %. CgHioO,, requires C, 61-4; H, 6-6; N, 5-7 % .) 

T. . * IS sparingly soluble in cold, but dissolves readUy in warm alcohol, 
it IS quite insoluble in other organic solvents such as benzene, chloroform, and 

etiier. ’ 

(6) Phmylhydrazone of pJieiiylhydrazine d-galacturonate. Ehrlich was unable 
to prepare any phenylhydrazine derivatives from rf-galacturonic acid, probably 
for reasons to be stated later. Niemann et al. [1933] report the preparation of a 

records two different melting-points, 156 and 178“. Also it is to be noted that his 

nrolfrfi f U ^ ® salt. The variation of the physical 

1 roptrties of the cmchomne salts of hexuronic acids is commented upon by Niemann et ai?^[1933] 
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mimber of derivatives of plieiiylhj^drazine, iacluding tlie plienyliiydrazoiie of 
plieiiyliiydrazine c^-galactiironate. This, in the experience of the author, is an 
extremely characteristic derivative; its preparation, however, necessitates the 
isolation of the acid hi a free solid state and hence it is a less convenient substance 
to prepare than the cinclioiiiiie salt. 

Nieinaiiii et aL report a 60 % yield of the derivative. By the following method 
the yield exceeds 90 % . A 5 % aqueous solution of the acid is treated with 
excess of plieiiylhydrazme acetate (1 g. acid, 1*2 g. plienylhydrazine, 1 g. 50 % 
acetic acid) and warmed at 40-50° for not more than 5 minutes. On cooling, 
the plienyliiydrazoiie of phenylhydrazine galacturonate crystallises in rosettes 
of very flat elongated prisms of a pale yellow colour. More prolonged heating 
decomposes the derivative, with the production of brown oily substances; 
probably this explains the failure of Ehrlich to obtain any phenylhydrazine 
compounds from the acid. It is best recrystaUised by suspending in boiling 
chloroform and adding hot methyl alcohol drop by di-op until the solid almost 
dissolves. The solution is filtered and allowed to crystallise. The m.p. 131° 
(iiiicoiT.) with decomposition was in agreement with that of Niemann et al, 
(Found: C, 55-2; H, 6-1; N, 14-2% (Sclioeller). requires 

C, 55-1; H, 6-2; N, 14*3%.) 
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A siTRPRi.smG difference between the absorption spectrum of cod-liver oil itself 
and that of the mixed fatty acids derived from it has been recorded by Heilbron 
and Morton and their co-workers. Cod-liver oil itself [Morton and Heilbron 
1928] was found to have relatively low absorption = 1-2 for a good oil) iii 

the ultra-violet, characterised by the broad unbroken band of vitamin A at 
3280 A. The mixed acids and unsaponifiable matter, on the other hand [Gillam 
ef al, 1931], as obtained by acidification and ether extraction of the hydrolysate 
had so mtense an absorption (Ef^ at 2700 1 . = 250, at 2300 1 . = 190) as to 
obscure the presence of the admixed vitamin A. The absorption moreover was 
eharactensed by fine structure showing not only a band at 2300 A., which these 
workers state is shown by a wide range of unsaturated substances, but also no 
less than 9 narrow absorption bands at 3920, 3750, 3500, 3300, 3160, 3020 2810 
-700 and -590 A. Since the re-esterification of the acids wdth methyl alcohol 
or glycerol did not lead to a reversion to the weak absorption shoim by the 
original oil, the change was obviously irreversible, and it was suggested, as the 
smplest explanation m consonance with all the facts then observed, that under 
the conditions of hydrolysis a substance (or substances) accompanying vitamin A 
SIJion® decomposition products which display intense selective ab- 

National Institute for Research in 
Dairying we recently had occasion to carry out a spectroscopic examination on 
a sample of cod-hver oil which was to be used for feeding to cows. As a result 

oLrlnolTT a phenomenon which appears to have been 

^ and which may help to some extent m 

thi o*Jservations. According to our experiments the duration of 

conditions 

Experimental. 

Aorm.™, ™™ , ; obf- n “"“"oi » crude speoimen a., used for 

Medical Research Scholar of the Worshipful Company of Grocers. 
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proportions were used in all the saponifications described below.) The soaps 
were freed from nnsapoiiifiable matter by extracting 3 times with ether and 
the free acids obtained by acidification with sfight excess of 10 % H2SO4 followed 
by ether extraction. On spectroscopic ^examination of the mixed acids an 
absorption maximum was found at 2300 A., but the value of was only 7*7. 

Since this value was only one twenty-fifth as great as that found by Oillam 
and his colleagues the possibility occurred to us that the oil might be an abnormal 
specimen. We therefore repeated the experiment using Engelberg‘s Norwegian 
cod-liver oil, a well-known medicinal brand. at 2300 A. for the mixed acids 
was 6*255 a slightly lower value than that for the crude oil. 

Absorption of the mixed fatty acids obtained after prolonged saponificaiion. 
The Engelberg oil, which we used in all subsequent experiments, w^as next 
saponified by boiling with the alcoholic KOH on a water-bath for 4i hours, the 
iinsaponifiable matter then being removed by twm extractions with ether and 
the free acids obtained in the usual way. 2300 A. was now found to be 

62*5, having thus increased tenfold as the result of the prolongation of the 
saponification. 

The effect of potassmm hydroxide on the absorption of the mixed fatty acids. 
Since Gillam and his colleagues suggest that the high absorption observed by 
them in the mixed acids may be due to acid decomposition products, presumably 
derived from the non-saponifiable residue, our next step was to examine the 
effect of boiMng with alcohohc KOH on mixed acids freed from non-saponifiable 
material. In a preliminary experiment the acids from Engelberg cod-liver oil, 
-^icm 2300 A. = 6*25, obtained in one of the experiments described above, were 
boiled with alcoholic KOH for two periods totaUing 4i hours over a total 
period of 19 hours. As the result of this treatment 2300 A. increased to 1 10. 

70 

60 


A. 

B. 
0 , 

D. 

E. 



2200 


2900 


2300 2400 2500 2600 2700 2800 

Wave-length (Angstrom units) 

Pig. 1. Absorption spectra of mixed fatty acids from cod-liver oil. 

Mixed fatty acids obtained after saponification lasting 1 minute. 

Same acids after treatment with boiling alcoholic 

Same acids as A, after treatment with boiling alcoholic IvOH ior 1, noui. 

’ ,, 4-|- hours. 

” ” ’’ „ 12 hours. 
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Tlie experiment was repeated using a further portion of the oil. In this case 
the unsapoiiiliahle matter obtained after 1 minute’s saponification was separated 
3 ether extractions and preserved for examination. The free acids were then 
redissolved in alcoholic KOH and heated on a water-batli, samples being taken 
after periods up to 12 hours. The free acids were obtained by the usual pro- 
cedure and examined spectroscopicall 3 r with the following results : 


Time of heating with alcoholic KOH 1 min. 15 mins. 
Ej at 2300 A. for the free acids 7*6 12 


1 hr. 

99 


4*5 hrs. 12 lirs. 
39 , 72 


The absorption was again greatly increased as the result of heating with the 
allsali. Moreover in the case of the acids treated for 4-5 and 12 hours discon- 
tinuity in the bands was ewdent, suggesting the presence of fine structure 
formation. The shapes of the absorption curves obtained are roughly indicated 
in Tig. 1. 

The effect of potassium hydroxide on the absorpition of the non-saponifiable 
residue of coddiver oil The unsaponifiable matter obtained from the 10 g. of oil 
used in the above experiment amounted to about 130 mg. It w-as divided into 
two equal portions. One portion was examined spectroscopically and also by 
the SbCl 3 reaction, without farther treatment, the other was boiled for 4 hours 
mill alcoholic KOH and then re-extracted before examination. The following 
results were obtained: ^ 

N.S.R. equivalent to 5 g. C.L.O. 

Wt.of B.U. 
residue per mg. 


1 mill, boiling with alcoholic KOH 
4 hrs. boiling 


mg. (SbClj test) 32S0 A. 2600 A. 230^. 
70 250 62 17 38 

66 250 69 34 55 


Delimte increases of absorption at 2300 A. and 2600 A. were therefore observed 

1 minute or 4 hours would represent an altogether 
neghgible contribution m attempting to account for the high absorption ob- 
sertjd by Gillam and his colleagues in the combined acids and non-saponifiahle 
residue. On the other hand the vitamin A content according to the SbCL test 
remained unchanged. Smce, moreover, there was no loss in weight outside the 
expen^ntal eraor as the result of boiUng, it appeared probable that 
ty iion-sapomliable residue as a whole showed little tendency to form acid 

the particular treatment adopted, And no attempt 
■Bas theiefore made to isolate acidic products from the aqueous laver. 

Absm-pt%on spectra of stearic, oleic and linoleic acids. To obtain some clue 
to the type of acid taking part in the change leading to increased aWntSn 
5ve have esammed the absorption spectra of crude specimens of stearic oleic 

t^e SlrUoXf ^ aleohohc EOH. Results 


Stearic acid 
Oleic acid 
Linoleic acid 


£i:4. 2300 A. 
Initial 
0*9 
16-0 
9-6 


E J 2300 x4. after 

4 brs. beating with 
alcoboHc KOH 
1 . 

18 
38 
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Discussioit. 

As far as can be judged from experiments on ,a single typical specimen of 
cod-liver oil tlie above work indicates that the mixed acids obtained as the 
result of a brief saponification possess relatively low absorptive powers, but 
that on more prolonged heating with alcoholic KOH they undergo some change 
which results in much higher absorption. ' . . 

Whether this phenomenon can be regarded as a complete explanation oi 
the observations of Gillam and his colleagues cannot be decided with certainty, 
since these workers have given no details of their technique in saponification. 
As evidence in favour of the existence of two separate phenomena, or over- 
lappino’ phenomena, it might be argued that ui our experiments heating for 
12 hours with alcoholic KOH produced only about half the intensity of absorp- 
tion observed by the Liverpool workers, while fine structure was shghtly toss 
fully defined. Such differences might toad us to suspect that cod-Uver oils differ 
fundamentally in their behaviour after saponification from specimen to specimen. 
In our opinion, however, the cause of the divergence is much more likety 
traceable to diff erences in the technique adopted for the sapomfication of the 

oils and the separation of the acids. _ 

In regard to the chemical nature of the change takmg place on heating witn 
alcoholic KOH our experiments on stearic, oleic and linoleic acids appear to 
indicate that the acids involved must possess two or more double bonds, since 
only in the case of linoleic acid was increased absorption observed as the result 
of this treatment. Moreover preliminary iodine value determmations, carried 
out both on linoleic acid and the mixed acids of cod-liver oil, faded to reveal any 
significant change in the degree of unsaturation as a result of boilmg. it seeins 
possible, therefore, that the increased absorption may be related to an isomeric 
diange among the unsaturated linkages of the more highly unsaturated acids. 

From a biological standpoint our results may be of interest in opening up 
the possibmty that highly nnsaturated acids may exist tn mm 
non-absorptive and absorptive. In an extension of ]oint woik on buttei [Hot ti 
et al 1933] we have already obtained evidence which suggests stioiiolj that 
this may be the case. We hope later to examine non-ahsorptive and ‘'^tworptije 

acids with a view to detecting changes m their chemical ^ Yoxv<^eu 

in their abihty to form crystalline bromine derivatives and in then ox\g,c . 

' StlMMAnY. 

The mixed fatty acids prepared from a typical cod-liver oil ^ 3 * ® hiief 
saponification, removal of the non-saponifiable 

region without fine structure 2300_A. = 6-o). If Sd 

for the saponification were prolonged, or if the separate ® ® ^ intense 

a further sunnlv of alcoholic KOH, the absorption became much more intense 
2300 Ifter 12 hours = 72) and definite signs of fine structure became 

- evident. 

Our thanks are due to Dr L. J. Harris for his valuable criticism. 
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cr.voDO-VT/s Marignoni was first described by Marisnoii 
[1909]_as occurring on dry leaves of Cynodon Dactylon Persoon, found neai 

n f apparently not reported again untii 

leolisler [19..3], m a monograph on the gramimcolous species of Eelmintho- 
sponum, refers to it in considerable detail. Cynodon Dactylon, the host plant 
s the so-caUed creepmg dog’s-tooth grass” which is found on sandy shores in 
the south-west of England, the Bermuda grass of the southern United States 
‘ of India. It forms an important forage grass in many 

parts of America and India. Drechsler reports that “the parasite Eelmintho- 

of tbruS?Sd t common throughout the south-eastern section 
fl,„“ &ta.tes wdiere the host is everywhere present in the fields and on 

the roadsUes as a noxious weed.” 

maim <^uchlmrme Zimmermann was described by Zimmer- 

fl p / occurring on the leaves of Emhlaejia mexicana Schrad 

^ tomiw Dur.). This host plant is an 

amiuai gzass with a habit like maize, growing to a iieielit of 5™10 ft or mnuA 

xSh GurfiflLL" t rra^e 

cci(^l, wlieie it IS known by tlie name of “Teosinte.” 

^eZmmtAospormm cynodontis used in the work about to be 

raT?ri“ ""7 ^ Centraalbureau voor Schimmel 

BurT ] T\ 1 received by them in Jaiiiiarv 1929 from 

S “4m.r w" 1 7 United StatesDepartment 
Drechsler 11 probably the strain described by 

grass. " " monograph, and isolated by him from diseased Bermuda 
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When these two fungi were grown on a purely synthetic medium containing 
glucose as the sole source of carbon, good growth was obtained in each case, the 
chief obvious characteristic of which is the chocolate-brown colour of the reverse 
of the iiiyceliuiii. The dried mycelium on extraction with, chloroform gave in 
the case of II. cy nodmitis a considerable quantit}^, and in the case of H. euchlaenas 
a smaller C|uaiitit3q of a substance cr^^stallismg in bronze-coloured plates and 
having the appearance of bronze powder. This substance, which we propose to 
term cpiodontm, has the empirical formula CigHioOg and has not previously been 
described. From its origin and general properties it was considered to be a near 
relatiAm of helminthosporin (I) -which Charles, Raistrick, Robinson and Todd 
[1933] described as a metabolic product of the plant pathogen HelmyinfIi()S]miivm 
gramimiim Rabenhorst, and the constitution of which has been settled by 
synthesis [Raistrick, Robinson and Todd, 1933]. 
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Actually it was found possible to convert helminthosporin (C15H10O5, 4:5:8- 
trihydrox3--2-niethylaiithraquinone) into cynodoiitin (CisHioOg) by means of 
manganese dioxide and sulphuric acid. The substance is not a powerful mordant 
dyestuff and hence the entering liydroxyl should be m the 1 -position. Cyno- 
dontiii is therefore, in all probability, 1 : 4 : 5:8-tetrall}"drox^^-2-lILeth3danthra- 

quillone (II). ^ ,, 

The extracted iii^^celiiim from H. cyyiodoiitis afforded m addition to cyno- 
dontin, but in small relative amount, a colouring matter having the colour 
reactions of helminthosporin; this was not completely purified but its_ p-resence 
was deinoiistrated by conversion into triacetyllielminthosporic acid (III). The 
product from H. euciilaenae consisted of practicalty pure c^modontiii. 


CO.H 


(III) 

Expbbimental. 

Preiyaration of crude -pigment. 35 Utres of Czapek-Dox medium of the foUow- 
ing oomposition were made up ; glucose, 50-0 g. ; NaNOg , ^0 g. ; KHa 4 ’ ' > 

KCl, 0-5 g.; MgS 04 , 7 H, 0 , 0-5 g. ; FeSO„ 7 H 2 O, 0-01 g.; distilled water, 1000 cc 
350 cc. quantities of this medium were distributed in each of 100 1-htre^conical 
flasks and sterffised. A measured quantity, previously determined, of sterile 
N sodium hydroxide solution was then added to each flask to brmg the ot 
the medium to 8-0. Each flask was sown with a suspension, in steile papek- 
Dox medium, of Helminthos^^orium cynodontisMmignom. (Catalogue Ro. Ag. 
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The cultures used for inoculation had been grown for about 3 weeks on 
Czapek-Dox agar at 30'^. After inoculation the flasks were incubated at 30° for 
7 weeks. At the end of this time the mycelium, which wuas grejdsh on the surface 
with a chocolate-brown rewerse, was filtered off, washed carefull}?' wdth cold 
w^ater, pressed and dried in a vacuum-oven. The dried mycelium in two experi- 
ments weighed 230 g. in each case. It was ground to a fine powder in a coffee- 
mill and exhaustively extracted with chloroform in a large Soxlilet apparatus, 
until the chloroform extract which, in the early stages was of a beautiful eosin- 
red colour, had become ahnost colourless. On cooling there separated from the 
chloroform solution (about 1| htres) in a typical experiment 7-5 g. of bronze- 
coloured plates having a melting-point of 258-260°. The chloroform inotlier- 
iiqiiors were evaporated to about 250 cc. and from this there separated a second 
fraction weighing 1*25 g. and melting at 250-255°. The filtrate from this fraction 
was evaporated to dryness, dried in vacuo, and extracted thoroughly with light 
petroleum (b.p. 40-50°) giving a third fraction which weighed 0-55 g. and melted 
at 208-218°. The light petroleum solution on evaporation yielded 47*6 g. of 
residue consisting mainly of fat together with very small amounts of pigmented 
material. The total yields of crude pigments in the two experiments referred to 
above were 9*30 and 9*74 g., while the total yields of crude fat were 47*6 and 
49*6 g. 

The aqueous metabolism solution separated by filtration from the mycelium 
and still containing about 0*4 % of glucose was evaporated in vacuo to a total 
volume of about 1 litre, givmg a very dark-coloured turbid liquid. This was 
filtered and acidified slightly wdth concentrated hydrochloric acid, and four 
volumes of absolute alcohol were added to it with constant shaking. There thus 
separated a considerable quantity of gummy material, examination of which has 
shown it to be a carbohydrate. Further work on this material is in progress. 

^ In experiments using Helminthospormm eucMaenae Zimmermami (Catalogue 
Ao. Ag. 116), the cultural conditions followed, i.e. medium used, incubation 
temperature and period of incubation, were the same as those previously 
described for FI. cynodontis. The method of isolating the pigment was also the 
same, but the 3 delds obtained were somewhat different. The dried mycelium in 
two experiments weighed 247 and 264 g. respectively, and total yields of crude 
piginent of 2-36 and 5-06 g. were obtained in the form of bronze-coloured plates 

of crude fat in the two experiments 
were 33- J and 37-4 g. A considerable amount of gummy material which has 
proved to be a carbohydrate was also isolated from the evaporated aqueous 
metabohsm solution by a method simUar to that emplojmd with H. cynodontis. 

Products f rom Hehnmthosporium cynodontis. 

Oynodontm. Fraction I of the crude coloured material (m.P. 258-260°) from 
U. cynodontis fmmshed, after one recrj^stallisation from pyiidine, pure eyno- 

ll,™ V recrystallisation. It crystallises in 

hiovnish leaflets mth a magnificent bronze lustre. Like helminthosporin it is 
sparingly soluble m most orgaific solvents to give solutions which are slightly 

substance. It is insoluble in cold dilute 
hW solution but ^ssolves in aqueous sodium hydroxide to a deep 

... I* concentrated sulphuric acid are blue and have 

practically no dyeing properties. 

ernrh. « V requu'es C, 62-9; H, 3-5 %.) Fraction II of the 

ludc material had M.n. 2o0-2o5° and consisted essentially of cynodontin. 




!: 


C}n-iocloiitinL was foiiiicl to be identical in every respect with a specimen of 
l:4:5:S4etrahydroxy-2-]iietliylaiitiiraqumone prepared by the oxidation of 
helmiiitliosporiii (see below). 

Cyiiodontin (0*5 ■ g.) was acetylated by heating to 
boiling for a few iiiiiiiites with acetic anhj^dride containing a trace of sulphuric 
acid. After pouring into -water the precipitated acetate was recrystallised several 
times from glacial acetic acid, wdien it was obtained as a mass of bright yellow 
needles, m.p. 224-225°. (Found: C, 60*9; H, 4d. requires C,' 60*8; 

H, 4-0 %.) 

1:4: 5 : S-Tetmliydroxy from lielmintfiosyyorin. 

Heliiiintliosporiii (2 g.) was dissolved in concentrated sulphuric acid (15 cc.), 
and fiiiety powdered manganese dioxide (1*5 g.) added gradually with constant 
stirring, the temperature being maintained between 50 and 60°. When all had 
been added the mixture was kept at 50-60° for a further 15 minutes and then 
poured into water; the brovmish-violet precipitate produced in this way became 
reddish-brown (hydrolysis) on boiling for a short time with water. The product 
after recrystallisatioii from pyridine still contained unchanged starting material. 
Accordingly it was acetylated with acetic anhydride containing a trace of 
siii] 3 liuric acid in the usual manner and the acetate purified. After four re- 
crystallisations from glacial acetic acid the melting-point of the acetate became 
constant at 224-225° (mixed m.p. with helminthosporin acetate, of m.p. 223-224°, 
ca, 194°). The purified acetate (0*6 g.) was warmed on the water-bath -with 15 % 
sodium hydroxide solution (30 cc.) during 2 hours when it dissolved slowly to a 
deep blue-violet solution. After acidifying \vith hydrochloric acid and boiling 
for a few minutes to coagulate the precipitate, the latter was collected and 
recrystallised from pyridine. It separated as brownish leaflets with a fine bronze 
lustre, M.P. 260°. (Found: C, 63*1 ; H, 3*5. CigHioOe requhes C, 62-9.; H, 3*5 % .) 
This material showed all the properties of cynodontin and a mixed m.p. with the 
latter substance showed no depression. 

That this product is indeed 1 : 4 : 5 : 8-tetrahydi’oxy-2-methylanthraqumone is 
clear from the evidence already mentioned and also for the foUomng reasons. 
The new li^rdroxyi group cannot occupy a ^-position in the anthraquinoiie 
nucleus, as the oxidation product is insoluble in cold sodium carbonate soliitioii 
and is not a derivative of alizarin, being an exceedingly feeble dyestufi. 

In its colour reactions the oxidation product closely resembles 1 : 4 : 5 : 8- 
tetrahydroxyaiitliraq-iiinone as described by Fischer and Ziegler [1912]. 

2^Met]iytl : 4 : 5 : Sdeixa^acetoxyanth'a^^^^ The purified acetate obtained 

from the crude oxidation product of helminthosporin had m.p. 224-225 and 
crystallised in bright yellow needles. The same product was obtamed acetyl- 
atiiig pure 2-niethyl-l :4 : 5 : 8 -tetraliydroxy anthraquinoiie with acetic anhydride 
and a trace of snlpliiiric acid. (Found: C, 60*7; H, 4-2. CgsHigOio requhes C, 
6l>8; H, 4-0 %.) 

This acetate was identical in appearance "with cynodontin acetate and the 
mixed m.p. -with the latter substance showed no depression. 

Examination of fractioyi 111 of crude material from H. c;)modontis. 

Fraction III (0-55 g.), which was obtained by evaporation of the chloroform 
mother-liquors after removal of fraction II, had an indefinite m.p. 208—218 . It 
appeared slightty lighter in colour than- the earlier fractions and the colouis of 
its solutions in concentrated snlphuric acid, sodium hydroxide and in organic 

74 

Biocliem. 1933 xxvn 



1174 H. RxilSTRICK, R. ROBINSON iiND A. R TODD 

solvents were intermediate between those shown by cyiiodontiii and helmiii- 
tliosporin. Indeed, it was possible to simulate the colours produced by fraction 
III adding to solutions of cynodontiii small amounts of lielmiiitiiosporiii. 

Several attempts were made to isolate pure lielmiiithosporm from fraction III 
by fractionation vdth various organic solvents, but with little success. Fractional 
crystallisation from acetic acid of the material obtained on acetylation was also 
tried and would doubtless ' have succeeded had larger quantities of material 
been available; thus the more soluble fractions yielded after repeated treatment 
a- product wdiose reactions were more like those of lielminthospoiin acetate than 
cynodontin acetate. Its solution in sulphuric acid was reddish -violet in' colour 
(still bluer than pure helminthosporin solutions) with the pronounced fluores- 
cence characteristic of helminthosporin ; the m.p. of this material was 210-215° 
hut this was not depressed on mixing with a small quantity of helmiiitliosporiii 
acetate (m.p. 223-224°). 

Coiilirmation of the view^ that fraction III contained hehninthosporin was 
obtained in the following way. The original mixture (0-2 g.) was acetylated in 
the usual manner, the crude acetate dissolved in a mixture of acetic aiiliydride 
(4 ce.) and acetic acid (4 cc.) and oxidised at 90-100° b}^ means of cliromic 
anhydride (0*4 g.) in acetic acid (4 ce.). When the yellow precipitate obtained on 
diluting the reaction mixture with water was agitated with cold dilute sodium 
carbonate solution, a portion dissolved to a reddish- violet solution leaving 
belihid unchanged c}modontm acetate (it had previously been ascertained that 
c\niodontin acetate was practically unaffected by chromic anhydride under the 
conditions here employed). After filtermg and acidifying the clear solution the 
reddish precipitate (30 mg.) was collected, re-acetylated by means of acetic 
aiihj^'dride containing a trace of sulphuric acid, and recrystaUised several times 
from, acetic acid. In this way a small quantity of material was obtained wliic.li 
showed all the properties of triacetylhelminthosporic acid (III). The m.p. of this 
product was low (230-232°) and owing to the very small quantity available 
further purification was impossible. The mixed M.P.wdtli triacetylhelminthosporic 
acid (m.p. 235°) w^as 234°, leaving no room for doubt as to its identity. 

From the evidence available it seems reasonable to conclude that he lm inth o- 
sporin is a constituent of the coloured products of H. cyiiodontis, although the 
amount present is very small indeed. 

Prodmts from Helminthosporiiim euchlaenae* 

The coloured metabolic product proved to be almost homogeneous and 
yielded on recrystallisation pure cynodontin, m.p. 260°. (Found: C, 62-8; 
H, 3*8. CigHipOg recjuires C, 62*9; H, 3*0 % .) Its identity was confirmed by 
direct comparison with an authentic specimen of c^modontin; the appearance, 
colour reactions, m.p. and mixed m.p. of the specimens were identical as also 
w^ere those of their acetates (m.p. and mixed m.p. 224-225°). 


Summary. . 

The^ mycehum of Helminthosporium cynodontis Marigiioni and of Helmm- 
thosyoritmi euchlaenae Zimmermann, when grown on a synthetic culture medium 
coiitaining glucose as the sole source of carbon, has been shown to contain a 
hitherto undescrihed, ^ crystalline colouring matter, which has been called 
cynodontin. Cynodontin has been shown to be 1:4:5: 8 -tetrahydroxy-2 -methyl- 
aiithraquiiione and is thus 1-hydroxyhelmiiithosporin. Helminthosporin, which 
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lias recently been siiowia to be present in considerable amounts in the myceliuiii 
of the plant pathogen Helmmthosporium graminetim Ptabenhorst^ is also present 
in very small amounts in the mycelium of Relminthosporiimi cynodo-ntis, but is 
absent from Helmintliosporkim eMchlaeiiae. 
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In the course of the studies reported in Part XXIV of this series [Cliitterbiick 
et al., 1932] considerable amounts of mycelia from the growth on synthetic media 
of lo species and strains in the P. brevLcompactiim series were accumulated, and 
in view of the close biochemical relationship of 14 of these organisms as regards 
their water-soluble metabolic products (see Part XXIV) it became a matter of 
some interest to investigate their mycelial constituents in order to discover 
whether this biochemical relationship is of even wider scope. The mycelium of 
the tjqDe species P. brevi-compactum Dierckx (Cat. No. P 75) wms first investigated, 
the method being to extract the dried and powdered mycelium with a succession 
of solvents, viz. light petroleum followed by ether, then by acetone and finally 
by me thy 1 alcohol. This paper is concerned only with the mycelial fat, i.e. the 
material extracted from the mycelium by hot light petroleum, b.p. 50-60°. 

It -was noticed that a considerable part of the mycelial fat from this species 
was not soluble in cold absolute alcohol, the insoluble constituent giving all the 
colour reactions of ergosterol. This insoluble substance, which was much more 
sparingly soluble in most organic solvents than ergosterol itself, had m.p. 
106-108°; [c/JpXj — 67°, [aE,,™ ^2° when pure, and could not be made to yield 
a benzoyl or an acetyl derivative. Its carbon and hydrogen content and moie- 
ciilar weight corresponded to an empirical formula of the order of C44H74O2 and 
the substance was evidently an ergosteryl ester. When hydrolysed by alcoholic 
potash it jdelded ergosterol and a fatty acid identified as palmitic acid, and was 
therefore clearly ergoster^d palmitate, G44H74O2 , a substance which had previously 
been prepared s^mthetically by Windaus and Rygh [1928] by heating ergosterol 
and palmitic acid in vacuo at 190°. The physical constants quoted by these 
aiitliors, viz. m.p. 107-108°, — 51° are in good agreement with those of 

the mould product quoted above. 

The same substance, or at any rate a substance melting at about 100° whose 
ineltiiig-point was not depressed on admixture with the product from P. brevi- 
compact'um (P 75), was obtained from the mycelium of each of the 14 remaining 
species and strains of the P. brevLcompactum series investigated, with the 
solitary exception of P. stoloniferum Thom (Ad 89). The yield of recrystallised 
ergosteryl palmitate was usually of the order of 0*02 % of the dry weight of 
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iiiyceliuiii but in one solitary/- instance, viz. P. aurantio-griseiim Dierckx var. 
Poznaniensis Zalesld, tlie yield of purified ester was as liigfi as 0*5 % and corre- 
sponded to 0-06 % of the glucose metabolised in the experiment during which 
the mycelium, was formed. This ester also yielded ergosterol and palmitic acid 
on hydrolysis. 

It is worthy of note that this appears to be the first recorded instance of 
the isolation of an ergosteryl ester in a pure state from a natural source, although 
the results of Smedley-MacLean and Thomas [1920], recorded some 13 years ago, 
indicated clearly that a large proportion of the ergosterol in yeast-fat was present 
in the form of esters. King et al. [1929] showed that the cholesterol esters 
extracted from a mummified brain 14 centuries old were undoubtedly admixed 
with ergosterol esters. Priiess et al. [1931] estimated the total sterol content of 
the mycelia of a number of moulds and showed that while most of the alcohol- 
soluble sterol was present in the free state in the extract, a definite, and in some 
cases a considerable, proportion of the total sterol in the mycelium was in a form 
which was not extracted by alcohol, but which yielded an alcohol- soluble sterol 
on hydrolysis by alcoholic potash. These authors concluded that this latter 
sterol is probably present in a conjugated form. Birkinsliaw et al. [1931] found 
that a considerable fraction of the crude sterol obtained from the mycelium of 
P. 2^uhemhmi Eainier grown on a sjmthetic medium containing glucose as the 
sole source of carbon could not be precipitated by digitonin, although the reaction 
with CCI 3 CO 2 H was strongly positive, and concluded that this fraction contained 
ergosterol largety as ester. 

It appeared unlikely therefore that ergosteryl palmitate would prove to be a 
mycelial constituent specific .for the P. brevi-compactum series, and it has, in 
fact, been isolated in relatively good yield ( 0-4 %) from the mycehum of P. 
italiaim Wehmer grown on liquid Czapek-Dox medium at 30 °. The yield of this 
ester from the mycelium of P. auranlio-grisejiim Dierckx var. Poznaniensis 
Zalesld (Cat. No. P 69) wmild, however, appear to be exceptionally high (the 
greater part of the sterol in the mycehum being present as palmitate) and it may 
be significant that although this organism is morphologically defi.nitety a member 
of the P. brevi-compactiim series [see Clutterbuck et al., 1932, p. 1443], yet 
Mocheiiiically it has no affinities with the other members of this group, since, 
unlike them, it yields no trace of mycophenolie acid or of any of the other 
phenolic acids, C 10 H 10 O 5 , CioHioOg, C 10 H 10 O 7 and 3 ; 5-dihydroxyphthaiic acid 
•when grovm on Raiilin-Thom medium [see Clutterbuck et al., 1932, p. 1446]. 


Expbrimektal. 

The sources of the organisms employed are given in Part XXIV [Clutter- 
buck et al., 1932, p. 1443]. Each was grown on Eauliii-Thom medium containing 
both glucose and tartaric acid as sources of carbon, and ammonium tartrate, 
phosphate and sulphate as sources of nitrogen. The temperature of incubation 
was 24° and the period of incubation was 20-30 days, the experiment being 
concluded when all the sugar in the medium had been utilised. The mycelium 
was filtered off, washed, pressed and dried in a vacuum-oven. The m^xnlium 
was ground to a fine powder in a coffee-mill and extracted. 

Isolation of ergosteryl p^almitate from tlie dried mycelium. The usual procedure 
was to extract 50 g. of powdered mycelium ‘with light petroleum (b.p. 50-60°) 
for 2 working days (15 hours) in an all-glass Soxhlet apparatus. The extract, 
filtered from a little mycophenolie acid if necessary, was evaporated to small 
volume and the remaining solvent removed in vacuo. The residual yeUow fat 
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was usually of a fairly hard consistency, but the mycelium of P. cmrantio- 
griseum Dierckx var. Poznaniensis ZalesM (Cat. No. P" 69) yielded a very dark 
coloured and much more fluid fat. Cold absolute alcohol (20 cc. per g. of crude 
fat) was added and the flask shaken until no fat particles remained adherino- to 
the walls of the flask. The insoluble residue was filtered off, washed twice with 
alcohol, dried in air and reerystallised from the minimum volume of boilincr 
acetone, about 40 cc. being required for each 0-1 g. of residue. The results for the 
various mould mycelia are summarised in Table I, the jdelds in each experiment 


Catalogue 

Ho. 

P75 
M3 (1) 

M3 (3) 

M 3 (4) 

P 151 

All 

S30 

P84 

P99 

B8 

P90 

P37 

Ad 89 

Ad 87 
P69 

Ad 85 


Species [see Clutterbiick 
et al, 1932, p. 1443] 

P, breii-Gompachim Dierckx 
Unnamed. Isolated in 1931 
from mouldy Italian maize 
Unnamed. Isolated in 1931 
from mouldy Italian maize 
Uimamed. Isolated in 1931 
from mouldy Italian maize 
P. scabrimi Biourge 

P. brevi-comiMckwi Dierckx. 
Isolated from cotton 
Unnamed. Isolated from soil 
P. Hagemi Zaleski 
P. Szaferi Zaleski 
Unnamed. Plate contaminant 
P. patris-mei Zaleski 
P. griseo-brunneum Dierckx 
P. stoloniferum Thom 

P. Bioimjermum Zaleski 
P . aurantio-griseuni Dierckx, 
var. Poznanimsis Zaleski 
P. italicum Wehmer. Isolated 
from a mouldy orange in 1926 


Table I. 


Weight 
of dried 
mycelium 
^ g- 

276 

386 


Ergosteryl palmitate (once 
crystallised from acetone) 

' Yield 
Yield % of 

in g. mycelium m.p. and remarks 


0-25 

Trace 


285 

388 


243 (fat con- 
tent 0-6 %) 
419 

293 
450 
446 
432 
334 
524 
547 

363 

229 (d) (fat 
content, 8 % 
195 (e) (fat 
content, 5 %) 


Trace — 
Trace — 
Trace — 
Trace — 


102-104° (a), (5) 
100 - 102 ° (a), (h) 

100-102° (a), (&), (c) 

(a) 

92-96° {a) 

94-100° (a), (c)' 


0*06 0*02 

0-09 0-02 

0*05 0-01 

0-13 0-03 

0*17 0*05 

0-23 0*04 

None. Pat completely 
soluble in alcohol 


100-103° (a), (h\ (c) 

97- 102° (a), (&), (c) 
102-104° {a), (6), (c) 

98- 103° (a), (6), (c) 
102-104° [a), (6), (c) 

96-100° (a), (6), (c) 


0-06 

M4 


0-02 

0-50 


98-101° (a), (&), (c) 
(6), (c) 


0-80 0*41 


102-105° (a), 
102-104° (a), 


(h), (c) 


(ij Gives pStive Tortel]" ''®^g®“y“iercurio acetate in nitrio acid). 

(e) Grown on (SSpXDTmeZm and iUubfted^^^^ digitonia. 

total mycelium from 90 flasks, i.e. from the 
2-3 % unless otherwise stated.®^““"®' mycelium was 

Inv^tigatim of the ergosteryl ester from the mycelium 
of P. brevi-compactum Dierckx {Cat. No. P 75). 

of product from about 2-5 kg. of ground mycelium 
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altered by a fiirtlier crystallisation from alcohol. The- ester crystallised uiiciiaiiged 
from 1 % alcoholic digitoiiiii solution. It was also recovered iiiicliaiiged when 
attempts were made to benzoylate it with benzoyl chloride in pjnidine at 
or to acetylate it by boiling with acetic anhydride. 


Micro-analysis (Schoeller): C, 83‘11, 


83-20; H, 11-71, 11-63%. 


requires G, 83-20; H, 11-^6 ~/o 


_ 67°; [aSo— 52°. (0-0968 g. in. chloroform (26 ce.) at 20° in a 2 dm. 
tube.) the chloroform solution turned yellow on standhig for a day. 

Molecular weight by hydrolysis. 0-4606 g. was boiled for IJ hours wM NjlO 
ethyl alcoholic potash (60 cc.j when it was found that a nett amount of 7-18 cc. 
Njio aUvali had been neutralised, oorrespondmg to a molecular weight of 642 
(C 44 H- 4 O 2 requires mol. wt., 635). Ergosterol (m.p. 1.51-155°) was precipitated 
bv adding much water to the strongly alkaline solution. 

Isolation of ergosterol and palmitic acid by hydrolysis. 0-31 g. (m.p. 99-102°) 
was hvdrolysed as above and the alcohol removed in vacuo. Water (50 cc.) and 
•2N NaOH (10 cc.) were then added, and the solution was extracted 3 times with 
much chloroform. The chloroform extract was dried over anhydrous sodium 
sulphate and evaporated, the solid residue being crystallised from alcohol to 
yield ergosterol (0-06 g.), m.p. 152-1.56°. The alkaline aqueous layer from which 
the chloroform had been separated was acidified with dilute sulphuric acid and 
extracted with light petroleum (b.p. 40-50°). The extract was dried over an- 
hydrous sodium sulphate, evaporated and the residue crystallised from aqueous 
alcohol to yield a fatty acid (0-07 g.) melting at 53-57°. A further crystallisation 
from aqueous alcohol raised the m.p. to 55-59°. The mixed m.p. with an authentic 
specimen of palmitic acid (m.p. 62-63°) was 56-61°. . „ r. , m . 

Micro-analysis (Schoeller ) : C, p-83 ; H,p-43 % . re^uires^G,^/4-91 , 


H, 12-60 %; stearic acid (m.p. 69°), CjgHgeOa requu-es C, /a-98; Jl, VZu t 


Investigation of the ergosteryl ester from the my^ium of P. aurantio-griseum 
Dierckx var. Poznaniensis Zaleski (Cat. N o. P 69). 

The crude alcohol-insoluble product required less purification than the 
corresponding product from P 75. 1-1 g. was crystallised first from 
(400 ce.) and then from alcohol (150 cc.). It formed shmmg plates, m.p. 103-lOb 

'^Formation of ergosterol and palmitic acid by hydrolysis. The above substance 
{0-66 g ) was hydrolysed by boiling A'/IO alcoholic potash m the usual way^ the 
alcohol rloved, wier and 10 cc 2A NaOH added to the residue which was 
then extracted 3 times with much chloroform. The product f 
tion of the dried chloroform extract was - 133°. 

almost pure ergosterol (0-19 g.), m.p. I 08 160 , [a].™ . [ b*,.. 

Pure hydrated ergosterol has M.p. 160-163°, [«]546, -- 16/- • [ ^ o'*? ^ Unllv 

The aUmline aqueous layer from which 
separated was centrifuged until almost compkte 

taken place The upper aqueous layer was then acidified -with ^utc sulpmii 
acid and the precipSbed palmitic acid collected, weU washed and dried (0-16 g. , 

“■'oSSTln 25 00 . .loohol roq,».d 13.?5 co. f /« «*% 

crystallisation from aqueous alcohol 
H, 12-58 % . C 18 H 32 O 2 requires C, 74-91 ; H, 1--60 


^XXX UJLiV^* - w 

57-61°. Foimd; C, 75*08: 


1 0 / 
/o • 
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was usually of a fairly hard consistency, but the mycelium of P. miranfio- 
griseum Dierckx var. Poznaniensis Zalesld (Cat. No. P" 69) yielded a very dark 
coloured and much more fluid fat. Cold absolute alcohol (20 cc. per g. of crude 
fat) was added and the flask shaken until no fat particles remained adlierino- to 
the walls of the flask. The insoluble residue was filtered off, washed twice with 
alcohol, dried in air and recrystallised from the mmimum volume of boilino' 
acetone, about 40 cc. being required for each 0-1 g. of residue. The results for the 
various mould myceha are summarised in Table I, the jdelds in each experiment 


Catalogue Species [see Clutterbuck 
Ho. et al, 1932, p. 1443] 

P 75 P. brevi-compackim Dierckx 
MS(1) Unnamed. Isolated in 1931 
jfroni mouldy Italian maize 
M 3 (3) Unnamed. Isolated in 1931 
from mouldy Italian maize 
M 3 (4) Unnamed. Isolated in 1931 
from mouldy Italian maize 
P 151 P. scabrum Biourge 

A 11 P. hrevi-compact'um Dierckx. 

-Isolated from cotton 
S 30 Unnamed. Isolated from soil 

P 84 P. Bagemi Zaleski 

P 99 P. Szaferi Zaleski 

D 8 Unnamed. Plate contaminant 

P 90 P. patris-mei Zaleski 

P 37 P. griseo-hrunneum Dierckx 

Ad 89 P. stolonifemm Thom 

Ad 87 P. Biourgeawum Zaleski 

P 69 P. auraniiQ-grisetmi Dierckx, 

var. Pozjiamensis Zaleski 
Ad 85 P. italicum Wehmer. Isolated 

from a mouldy orange in 1926 


Table I. 


Weight 
of dried 
mvceliinn 


Ergosteryl palmitate (once 
crystallised from acetone) 


276 
386 

285 

388 

243 (fat con- 
tent 0*6 %) 
419 

293 
450 
446 
432 
334 
524 
547 

363 

229 {d) (fat 
content, 8 %) 
195 (e) (fat 
content, 5 %) 


Yield 
Yield % of 
in g. mycelium 

0-25 0*1 

Trace — 

Trace — 

Trace — 


Trace- 

Trace 


0*06 0-02 100- 

0-09 0-02 97- 

0*05 0*01 102- 

0-13 0-03 98- 

0*17 0-05 102- 

0-23 0*04 96- 

Hone. Fat completely 
soluble in alcohol 


0-06 

M4 


0-02 

0*50 


M.p. and remarks 

102-104^ (a), (b) 
100-102° (a), (b) 

100-102° (a), (6), (c) 

(a) 

92-96° {a) 

94-100° (a), (c)- 


-103° {a)f (5), (c) 
-102° (a), (6), (c) 
"104° («), (5), (c) 
-103° (a), (6), (c) 
-104° {a), (5), (c) 
-100° {a), (5), (c) 

-101° (a), (6), (c) 
-105° (a), (6), (c) 


98 

102 


0-80 0-41 102-104° (a), (6), (c) 


6) GivS DoStive Callow-Eosenheim reagent (mercuno acetate in nitric acid). 

MiSd reaction (specific reaction for ergosterol and its esters), 

m It,. ;• palmitate from P 75 showed no depression. 

Ll contained less than 0-1 % of free sterol precipitated bv digitonin. 

(e) Gfro-nn on Czapek-Dox medium and incubated at 30° for 37 days. ' 

being cakulated on the basis of the total mycelium from 90 flasks, t.e. from the 
metabolism of about 1575 g. glucose. The fat content of each mycelium was 
4-3 % imless otherwise stated. 

Investigation of the ergosteryl ester from the mycelium 
o/P. brevi-eompactum Dierchx {Cat. No. P 75). 

(9 5^^® product from about 2-5 kg. of ground mvcelium 

crystallised first from light petroleum (b.p. 60-80°* 
1 acetone, and the purified product so obtained (0*5 g., m.p’ 

Q + dissolved m hot benzene (30 cc.) and boiling acetone added until 

turbidity appeared. The substance erjistallised from the last-named mixture 

°r?-u7 (0-4 g.). The melt became yellow at 150-160°, 

but solidified on coolmg and remelted at 106-107°. The meiting-point was not 
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altered by a further crystallisation from alcohol. The ester crystallised unchanged 
from 1 % alcoholic digitonm solution. It was also recovered unchanged when 
attempts were made to benzojdate it with benzoyl chloride in pju’idine at 60-80’ 
or to acetylate it by boiling with acetic anhydride. 

Micro-analysis {Schoeller): C, 83'11, 83’20; H, 11-71, 11-63%. C44II54O.2 
requires C, 83-20; H, 11-76 %. 

_ (57°; 52°. (0-0968 g. in chloroform (25 cc.) at 20 in a 2 dm. 

tube.) The chloroform solution turned yeUow on standmg for a day. 

Molecular weight by hydrolysis. 0-4606 g. was boiled for IJ hours with A/10 
ethyl alcoholic potash (60 cc.) when it was found that a nett amount of 7’18 ec. 
Nlio albflli had been neutralised, corresponding to a molecular weight of 642 
(044117402 requires mol. wt., 635). Ergosterol (m.p. 151-155°) was iirecipitated 

by adding much water to the strongly alkaline solution. 

Isolation of ergosterol and, palmitic acid by hydrolysis. 0-31 g. (m.p. 99-102 ) 
was hydrolysed as above and the alcohol removed in vacuo. Water (50 cc.) and 
2 A NaOH (10 cc.) were then added, and the solution was extracted 3 times with 
much chloroform. The chloroform extract was dried over anhj^drous sodium 
sulphate and evaporated, the solid residue being crystallised from alcohol to 
yield ergosterol (0-05 g.), m.p. 152-156°. The alkaliiie aqueous layer from which 
the chloroform had been separated was acidified with dilute sulphuric acid and 
extracted with light petroleum (b.p. 40-50°). The extract was dried over an- 
hydrous sodium sulphate, evaporated and the residue crystalhsed from aqueous 
alcohol to yield a fatty acid (0-07 g.) melting at 53-57°. A further crystallisation 
from aqueous alcohol raised the m.p. to 55-59°. The^mixed m.p. with an authentic 

specimen of palmitic acid (m.p. 62-63°) was 56-61°. n rim 

Micro-analii.sis {Schoeller): C, 74-83; H, 12-43 %. C^O.^ requires^G 74-91; 
H, 12-60 % ; stearic acid (m.p. 69°), CigHa^Oa requmes C, 7o-98 ; H, Iw- / / /o • 

Investigation of the ergosteryl ester from the my<xlium of V. aurantio-griseum 
Bierckx var. Poznaniensis Zaleski {Gat. No. P 69). 

The crude alcohol-insoluble product required less purification than the 
con-esponding product from P75. 1-1 g. was crystallised first from acetone 
(400 cc.) and then from alcohol (1.50 cc.). It formed shimng plates, m.p. 103-106 

^ Formation of ergosterol and palmitic acid by hydrolysis. The above substance 
(0-66 g ) was hydrolysed bv boilmg A/10 alcoholic potash in the usual way, the 
alcohS removed, water and 10 cc. 2 A NaOH added to the residue which was 
then extracted 3 times with much chloroform. The product obtamed 
tion of the dried chloroform extract was crystalhsed once from alcohol ^ 3iold 
almost pure ergosterol (0-19 g.), m.p. 168-160 ; W^ci - ieO ! ^3 . 

Pure hydrated ergosterol has M.P. 160-163°, [a]:, 48, -- 167-^ [Calloy, 1931]. 

The alkaline aqueous layer from which the chloroform layer had been partially 
separated was centrifuged until almost complete separation ] 
taLn place. The upper aqueous layer was then aciMed mth (Wute sulphur ^ 
acid and the precipitated palmitic acid collected, well washed and diied ( s- > 

in 25 cc. alcohol required 13-95 cc. A/40 NaOH for neutralisation to 
phenolphthalein, corresponding to an equivalent 2f>6 (P“ic c c 1) 

has an equivalent of 256. The acid recovered ^om tim abo. e tfrration aitei 

crystallisation from aqueous alcohol had m.p. 57-61. Found. C, 


H, 12-58 % . CieHgaOa requires C, 74-91; H, 12-60 


0 / 
/o • 
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A part of the crude acid (m.p. 56-5-59°, see above) was crystalMsed twice 
from light petroleum to jdeld a minute amount of colourless flakes, ivi.p. 61-62° 
Mixed with authentic palmitic acid (m.p. 62-63°), the m.p. was 61-62°. 


SUMMAEY, 

Ergosteryl palmitate has been isolated from the mycelia of 14 out of 15 species 
and strains in the P. brevi-compadmn Dierckx series investigated, and also 
from the mycelium of P. italicum Wehmer, all the moulds having been grown on 
synthetic media. The mycehum of P. aurantio-griseimi Dierckx var. Poznaniensis 
Zaleski, grown on Raulin-Thom medium and incubated at 24° for 30 dnvs 
contains as mucli as 0-5 % of this ester. 
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CLIX. THE OXIDATION OF SULPHYDRYL 
COMPOUNDS BY HYDROGEN PEROXIDE. 

IL CATALYSIS OF OXIDATION OF CYSTEINE BY 
THIOCARBAMIDES AND THIOLGLYOXALINES. 

By NORMAN WINGATE PIRIE. 

Fro 7 n the Biochemical Laboratory, Cambridge, 

[Received July 3rd, 1933.) 

The first paper of tliis series [Pirie, 1931] dealt with the copper- and 

catalysed oxidation of cysteine and glutatliione by hydrogen peroxide m acid 
solution. It was shoira that the corresponding disulphides were formed. Certam 
differences were observed between the kinetics of the copper-catalysed and the 
iron-catalysed reactions and no other metal of those tried was found to catalyse 
this type of oxidation. In the first paper brief mention was made of the fact that 
this action is catalysed by thio carbamide: the present paper mil be devoted to 
a study of this kind of catalysis and of the similar catalysis by chemieaUy related 
substances. 

Experimental. 

The same polarimetric technique has been used in these experirnents as in 
the series already published and the reagents, 1-0 % cysteine hydrochloride 
and 04 N hydrogen peroxide, were prepared in the same way. 

Catalysis hy thiocarbamide. “Metal-free” thiocarhamide can readily be pre- 
pared by crystaUisation from dilute hydrochloric acid. i xi ^ 

The kinetics of the thiocarbamide-catalysed oxidation resemble closely those 
of the copper-catalysed oxidation; the rate of oxidation, for example,_is pro- 
portional to the concentrations of thiocarbamide and hydrogen peroxide but 
independent of that of cysteine hydrochloride. Curves illustrating these lela- 

^^°^in^the^papCT ateady referr to it was shown that the iron-catalysed oxida- 
tion was iifiiibited by phosphate and pjnophosphate and 
oxidation, atpH ^y cyanide. These reagents have no etfect on 

carbamide-catalysed oxidation; it seems therefore that this is not due to tiaces 
of metal impurity. Two further hues of argument are still more conymciUj,. 

Fir'lt the catalytic power is unaffected by repeated rec^^^^^^^ 
thiocm-bamide; secondly, the residue obtained 
thiocarbamide with sulphuric acid, by the method 

1931], is without catalytic activity Curves 2 and 3 m Fi| 1 s^w that thm- 

carbamide has about the same catalytic power as / .Uamide on the aerobic 
I have been unable to demonstrate any effect o^Mocaibainidc mi the am ob^^ 

oxidation of either cysteine or methylene blue a pp i A A x, • 
hive been carried out with hydrogen peroxide, using glutathione insteaa oi 
cysteuie. In all respects these We analogous and the ratio of copper activity 
to thiocarbamide activity was once again 340. 
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There are two distinct products of the oxidation of thiocarbaiiiide by 
hydrogen peroxide. Barnett .[1910] prepared inimo-amiiioiiietliaiiesiilpliiiiie 
acidj NH : (NHglCSOaH, b}" oxidation in neutral, solution., while Werner [1912] 



log. 1. \'olmne made up to 5 cc. in each ease. Teiii 2 :)eratiire 19^., ‘p-B. -*!• 

1. 1 cc. 1 % cysteine-HCl; 0-56 mg. thiocarbaiiiide; .1 cc. 0-4 y- 
“• 0*28 mg. thiocarbaniide ; ,, 

O-OOOo mg. Cu ,, 

» 0-28 mg. thiocarbamide; O-o cc. 0-4 N B«Oo. 

5. 0>5 cc. 1 % cysteine-HCl; „ 1 cc. 0*4 y" HJXh 

6. 1 ce. 1 °o cysteine-HCl; no catalyst; , “ 


obtaiiied salts of dithioformamidine, NH:(NH 2 ).CS.SC.(NH 2 ):N'H, by oxida- 
tion in acid solution. The former has no catalytic power whereas the latter is 
both a catalyst and an oxidising agent. 

Oxidation by dithioformamidine. Dithioformamidine diliydrochloride is 
readdy prepared, foUowing Werner’s [1912] method, by the dropwise addition 
01 twice the theoretical amount of sulphuryl chloride to a solution of thio- 
carbamide in alcohol. When Mmshed with alcohol and ether and dried it seems 
to be stable indefinitely. The yield is 80 % of the theoretical. 

In Kg. 2 the effect of adding the same amount of cysteine hydi-o chloride to 
varymg amounts of ditlnoformamidine is illustrated, "it is obvious that two 
distinct reactions can occur. The first is 


2CO0H . (NHj)CH . CH^ . SH, HCI -i- (NH : (NH„)CS)2 , 3HC1 -> 

(COOH . (NH2)CH . CH„ . S)s + 2(jrH„),CS -f- 4HC1 A 

while the second is most probably 

COOH . (NHs)CH . CHj . SH, HCI 4- (NH : {NHj)CS )2 > 2HC1 + H^O-^ 

COOH . (NHjjCH . CH, . S( OH) 4- 2(NH2)2CS 4- 3HC] B 

y get clear-cut results it is essential to add the cysteine, with vigorous shaldiig, 
to the ithioformamidine; if the procedure is reversed some of the cysteine gets 
oxidised to cystme and this eaimot he further oxidised at any appreciable rate. 
The product of reaction B, on the other hand, is almost instantly reduced to 
cystme by cysteine; this can easily he demonstrated by mLxing half the quantity 
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of cysteine that was used in the experiments iUustrated ui Fig. 2 mth one 
molecule of dithioformamidine, the other half of the cysteine is now added^anct, 
althouo-h reaction B takes place initially, the rotation is found to he 6-6 , i.e. 
the value corresponding to cystine. On standing for a few hours crystals ot 
cystine separate from the reaction mixture. The cross in Fig. 2 represents the 



Molecules of dithioformamidine dihydroohloride for each 
2 niols. of cysteine hydrocWoride 

Fio- 5 cc. of 3-12 Oq 5) cvsteine liydrochloride solution and 

ditMofomiamidine diliydro chloride solution used for each point. Volmne made up to 10 . 

, in each case. 

rotation reached immediately when the usual quantity S 

is added to a molecule of dithioformamidine and the other 
after 30 seconds. After several hours the rotation falls to the normal talue for 
reaction B whereas the initial value is that for reaction A. ^ m.+hod 

Similar results are obtained by use of the Folin md 1 ^ 

of cysthie estimation. In this method sodium sulphite “ 
used to reduce the cystine to cysteine before the addition o . 

reagent. Mirsky and Anson [1930] have pointed out that ^ 

is reduced under these conditions and Clarke [193^] has ^ ^ ■ 

half combines mth the sulphite to form a cystemesulphonate 

COOH . (NH3)GH . CHs . S . SOaNa. 

It is interesting to note therefore that under these condBions js 

formed from the product of reaction B. This compound, to 

of sulnhite is very unstable in alkahne solution and reacts almost mstantly to 

Sve rbodv thatl estimated as cystine by the 

Seems therefore that the product of reaction apparently the sulphem^^^^^ 
corresnondino- with cysteine, is stable only in acid solution wheieas the oompie^ 
« thrldditio., of sulphite is feitly stable ia alkaline solution. This 

. TUi. — u-s on — .js. 

« L Sobssi^u 11S2« .. a— i 
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complex may be identical -with that studied by Clarke. The preparation and 
properties of the sulphenic acid and of its alljaline decomposition products will 
be described fully in a later paper. 

1 cc. of Jf/166 cysteine hydrochloride solution is added to each of seven 
flasljs; these contain 0, 0-o, 0-7, 0-9, 1-0, M and 1-3 cc. of Jf/156 dithioformami- 
dme dihydrochloride solution. The Folin-Marenzi reagents are now added, the 
sulphite being added first. The first flask gives twice as intense a colour as the 
second, the thhd and fourth are fainter while the fifth is very faint and the 
sixth and seventh give no more colour, at first, than the control. The sixth and 
seventh tend to darken on standing. If a large excess of dithioforrnamidine is 
added more colour develops and also a tobiditv, due to the alkaline breakdown 
of the disulphide. 

The evidence, both polarimetric and colorimetric, points therefore to a 
reaction of the type of B with the sulphenic acid as the most likely product. 
This compound has so far only been isolated in a crude form but it shows the 
expected properties. 

^ Glutathione, like cysteine, reacts with dithioforniamidine to give a product 
with a smaller rotation than oxidised glutathione. 

Catalysis by compounds related to thiocarbamule. A number of compounds 
more or less closely related to thiocarbamide have been tried as catalvsts for 
the oxidation of cysteine by hydrogen peroxide. These are listed in Table I. 


Table I. 


Substance 
Tliiocarbainide 
iV-AlIyltliiocarbamide 
iV- P benylthioearbamide 
Ergotliioiieine 
2 -Tliiolhistidine 
2-Tliiolgiyoxaline 
EtbyJenetliiocarbamide 
iY-Phenyl-2-tliiolglyoxaline 
AiA^A'retliylp.lienyltliiocarbamide 
i\’'-Etliyl-Y''-pIienyltMocarbamide 
A£-pietliyl-iY'.allyltbiocarbamicle 
-i--Thio -4-metbylby dantoin. 

N -A cetyltiiio carbamide 
iS-Metbyl-pc^ewdo-tliioearbamide 
.Diacetyl [pseiidol) thiocarbamide 

2 - Thio- 3 -acetyl-4-methylhYdantoiii 
Thiobenzaiiiicle 

Also many other compounds such as 
niactiTe. 


Method of preparation 


Pirie [1933] 

Harington and Overlioff [1933] 
March wald [1892] 

Euiz and Libe.nson [1930] 
Wohl and Marckwald [1889] 
Gebhardt [1884, 1] 

Weitli [lS7o] 

Gebhardt [1884, 2] 

Johnson [1912] 

Werner [1916] 

Taylor [1917] 

Werner [1916] 

Johnson [1912] 

Gabriel and Heymann [1890] 


Catalytic 

activity 

147 ±7 

125 
121 

126 
127 
122 

75 

60 

57 

54 

6-3 

10 

3 

0 

0 

0 

0 


methionine, ^S'-ethylcysteine, ascorbic acid and urea are 


eompomids calls for little comment; in aU cases t.h.e 
leactions dcsciibed by the authors quoted were found to proceed sinoothkr 
the substances were readily obtained pure. The pure substances were reciTstal 

i?ded lij^drochloric acid had been 

Sich wYe “ ^«id-^ashed glass funnel. Those substances 

samnkTf rfl 9 S • S-'' carefuUy tested for metal impuritv. The 

p.o|d 2 0 . B. Harhigton; it 

power of ioLub!tree"unS^^ 


% cysteine 
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livdroolilorid© and 1 cc. of 04 N hydrogen peroxide made up to 5 cc., and 
measured in a 2 dm. tube, it is given by the expression 

Bate of change of obs erved rotation in degr ees perhom catalvst. 

^¥eigiit of catalyst in mg. 

The conditions must be adhered to, for with these substances, as with thio- 
carbamide the reaction velocity is proportional to the peroxide concentration 
as well as ’to the concentration of catalyst. It is independent of the concen- 
tration of cysteine. The temperature coefficient of the catalytic reaction is 2. 
TTsiii" this coefficient the values of the catalysis constant have been calculated 
for a“ temperature of 18°. The very marked differences between the constants 
for different substances will be discussed later. . ^ . 

The individual differences between the substances in Table I eaU for some 
comment. In two cases hydrogen peroxide acts on the catalyst in acid solution 
with the formation of colioidal sulphur. This action has, in the case of phenyl- 
Suocarbamide, been studied by Hector [1889; 1892] who showed that 3:o- 

r!iimiiio-2:4-diphenyl-l:2:4-tliiodiazoltetrahydride was formed by the elimina- 
tion of sulphur and hydrogen from two molecules of phenylthiocarbamide. In 
the presence of cysteine this action cannot apparently take place, but one 
observes coUoidal kilphur in the polarimeter tube within a few mniutes of the 
completion of the catalysed oxidation. iV-Acetylthiocarbamide is broken down 
with the formation of sulphur at an early stage of the oxidation; polanmeffi^^ 
readiiws therefore are only possible for a few minutes ivith this catalyst. It is 
clear however that its catalvtic powpr is very small. Hofmann and Gabiiel 
r S9D have descrilied a reaction with AW-methylphenylthiocarbamide very 
sliffii to thi 'liich occurs with phenylthiocarbamide. This action proceeds 
onlyffin hot solution and I have not noticed the formation of colloidal snlphui 

under the conditions of these experiments. _ 

Ero-othioneine alone among the catalysts in Table I is optically active, thi- 
proSv X^rone to study" the ergctliioneine-catalysed oxidation in sonie 
detail The curves in Fig. 3 show the effect of addmg various aniomits o 
vffio-en peroxide to the same amount of ergothioneine. There are clearly two 
reactions. The first is between two molecules of 

than one molecule of hydrogen peroxide; presumably a disulphide is loimca 
i. TlU two oxi«io» S 

[dL tie "ergotMoneme will be detilpit.rised 

with loss of catalytic activity. . 4 few experiments 

Catalysis by metals and 

have been made with coppei^oi uoi fUe rate of oxidation is the 



am of the rates due to the two effect of a mixture of 

IS true of thiocarbamide and ergothione . independent effects for slow rates 
copper and thiocarbamide is the sum of then inaepenu 
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of oxidation (O-OOOomg. Cu and 0-2 mg. tliiocarbamide) only; wlien larger 
amounts of the catalysts are used the one is found not to increase the rate'’of 
oxidation due to the other; a similar state of affairs obtains ydth hon-tliio- 



lig. .3. Volume is ace. in each case. Temperature 2V. 
cnloride in each experiment. 


r/‘2mg. of ergothioneine liydro- 


1 . 

2 


3. 


4. 

5 , 


0-3 cc. ofO-4.¥HoOo. 

0*2 cc. 

0-5 cc. „ 

0- 5 cc. of 0-4 N HoOo and 0-004 mg. Cu 

1- 0 ce. of0-4i\' HoOo. 

2- 0 cc. „ 


earbamide and metaLergotliioneine mixtures. In ^dew of tlie readiness with 

Discussion. 

The mechainsm of tHs catalytic oxidation seems to be fairly simple The 
lesiilts given in Mg. o together with the earlier work of Werner and others show 
that compounds of the type used in these experiments are riadffy oSsedTi 

m^al' catSt oxidation does not need a 

mctdi catalyst. It IS convenient to assume therefore that the first step is the 

Thi^tep hlr 2v been nf ' immediately reduced by the cysteine.' 

inis step has been foUowed m the ease of the disulphide form of tbio 

carbamde, dithioformamidine. The formation of cyclic expounds kl S? 
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expected. The iiiactivit}" of the tiiiohydantoins is presumably due to the influence 
of the carbonyl group on the adjacent imino group; with two carbomd groups 
the inactivity is complete. The very low value for the catalytic power of 
Y-acetyltliiocarbamide is how^ever both interesting and unexpected. 

Although ergothioneine occurs in blood corpuscles no function has yet been 
assigned to it : it is possible, though unhliely, that it acts normally as a catalyst 
ill a manner similar to that in which it has been used in this work. The activity 
as an oxidising agent of the disulphide form of thiocarbamide, and also pre- 
sumably of the disulphide form of ergothioneine, is -however w^orthy of some 
attention. I have shown in this paper that it can oxidise cysteine to one of 
the many possible intermediate compounds between the cystine ingested b,y 
an animal and the sulphate excreted by it, and I hope later to describe further 
work on this type of oxidation. 

Woodward and Fry [1932] and Benedict and Gottschall [1932] have found 
that, although ergothioneine is not readily oxidised by iodine, ferrieyanide or 
arseiiophosphotuiigstic acid in acid solution, it is oxidised by these reagents 
when in the presence of glutathione. With equal amounts of glutathione and 
ergothioneine only about 60 % of the ergothioneine is oxidised and with smaller 
amounts of glutathione the oxidation is very much smaller. I have tried small 
amounts (since both catalyst and oxidant are optically active it is difficult to 
interpret the results if large amounts are used) of cysteine hydrochloride (2 mg.) 
and glutathione (4 mg.) as catalysts for the hydrogen peroxide oxidation of 
ergothioneine, using the same conditions as in curve 3, Fig. 3. No catalytic 
effect could be demonstrated. With the exception of the work just referred to 
no catalysed oxidation in any way similar to that described in this paper seems 
to have been studied. The resemblances between this type of oxidation and an 
enzyme action are interesting but need not, at the present stage, be emphasised. 
Bersiii [1932] has described the effect of a large group of substances on the 
aiitoxidatioii of thiolacetic acid anilide in alkaline alcoholic solution. The active 
substances include iodoacetic acid, creatine and thianthrene, and it is hard to 
see any sign of a possible common action; moreover the shapes of the curves 
published make it probable that some of these substances catalyse different 
reactions. Bersin explains some of his results by the intermediate formation of 
tliio-etliers. I have tried methionine and ethylcysteine as catalysts for the 
hydrogen peroxide oxidation of cysteine and have found them quite inactive. 

SUMMABY. 

Thiocarbamide catalyses the oxidation of cysteine to cystine by hydrogen 
peroxide in acid solution. 

Ditliioformamidine can oxidise cysteine to a sulphenic acid ; this is reduced 
to cystine by cysteine. Ditliioformamidine has no effect on cystine. 

Substituted thiocarbamides and related substances, such as ergothioneine, 
are catalytieally active and a theory for the mechanism of the action has been 
put forward. 

Glutathione behaves throughout in a manner similar to cysteine. 

I am very grateful to Sir F. G. Hopkins for the interest he has taken in 
this work. 


1188 


K W. PIRIE 


REFERENCES. 

Barger and Ewins (1911). J. Chem, Soc. 99, 2336. 

Barnett (1910). J. Chem. Soc. 97, 63. 

Benedict and Gottschali (1932). J. Biol. Chem. 99, 730. 

Bersin (1932). Biochem. Z. 248, 3. 

Clarke (1932). J. Biol. Chem. 97, 235. 

Dunn and Lewis (1921). J. Biol. Chem. 49, 327. 

Eolin and Marenzi (1929). J. Biol. Chem. 83, 103. 

Gabriel and Heymami (1890). Ber. deiitsch. chem. Ges. 23, 158. 
Gebhardt (1884, 1). Ber. deutsch. chem. Ges. 17, 2088. 

(1884, 2). Ber. deutsch. chem. Ges. 17, 3038. 

Harington and Overkolf (1933). Biochem. J. 27, 338. 

Hector (1889). Ber. deiitsch. chem. Ges. 22, 1176. 

(1892), Ber. deutsch. chem. Ges. 25, Ref. 799. 

Hofmann and Gabriel (1892). Ber. deutsch. chem. Ges. 25, 1578. 
Jolinson (1912). J. Biol. Chem. 11, 99. 

Marckwald (1892). Ber. deutsch. chem. Ges. 25, 2354. 

Mirsky and Anson (1930). Proc. Soc. Exp. Biol. Med. 28, 170. 
Pirie (1931). Biochem. J. 25, 1565. 

(1933). Biochem. J. 27, 202. 

Paiiz and Libenson (1930). Amdes Asoc. Qaim. Argent. 18, 37. 
Steudel and Schumann (1929). Z. pjhyslol. Chem. 183, 168.' 
Taylor (1917). J. Chem. Soc. Ill, 655. 

Weitli (1875). Ber. deutsch. chem. Ges. 8, 1523. 

"l^ erner (1912). J. Chem. Soc. 101, 2166, 

(1916). J. Chem. Soc. 109, 1128. 

^\o]il and Marckwald (1889). Ber. deutsch. chem. Ges, 22, 568. 
Woodward and Fry (1932). J. Biol. Chem. 97, 465. 


CLX. A STUDY OF SEASONAL VARIATION 
IN BUTTER-FAT. 

I. SEASONAL VARIATIONS IN CAROTENE, VITAMIN A 
AND THE ANTIMONY TRICHLORIDE REACTION. 

By ROLAND GORDON BOOTH, STANISLAW KAZIMIERZ NON 

{from the National Institute for Research in Dairying^ University of Reading), 
WILLIAM JOHN DANN and THOMAS MOOEE 

{from the Nutritional Laboratory, University of Cambridge 
and Medical Research Council), 

{Received July 5th, 1933.) 

In January 1932 work was started in the National Institute for Research in 
Dairying to investigate the variations in the vitamin content of typical English 
milk as determhied by the season of the year and the nutritional condition of 
the cow. This work, which was planned to cover two complete years, and which 
will be described in detail later, is mainly concerned with the accumulation of 
data obtained in routine biological tests carried out according to accepted 
methods. In several instances however unexpected difficulties have been en- 
countered, and it has been necessary to seek new explanations of the observed 
facts. Among other occasions this was the case when it was attempted to apjply 
the well-known colorimetric and spectroscopic methods to the estimation of 
carotene and vitamin A in butter-fats, and the present joint work with the 
Nutritional Laboratory is concerned with our attempts to overcome this 
difficulty. 

In assayhig the vitamin A of cod-Mver oils by the antimonj?- trichloride 
method it is well, known that the blue value calculated per unit of the original 
oil may be greatly hicreased as the result of saponification. Green [1932] and 
Moore [1932] have already noticed that the blue value given by butter-fat is 
similariy increased on saponification, and this finding has been confumied in 
the National Institute for Research in Dairying in routine tests on over 150 
samples of butter-fat. What specially attracted our mterest however was the 
fact that the blue value was not always increased in the same ratio, and that 
in general the increase was much greater in samples of butter obtained from 
cows at pasture (“summer butters”) than in samples obtained fro.m stall-fed 
cows receivmg diets totally or partially deficient m green fodder (“winter 
butters”). In addition it was noticed that the colours produced by the un- 
treated winter and summer butter-fats differed qualitatively. The maximum 
intensity of blue in the case of vdnter butter was given immediately on the 
addition of the antimony trichloride reagent, after which fadmg took place very 
rapidly (2-5 secs.) without the formation of any intermediate tint. With summer 
butters on the other hand the blue colour was usually more stable, sometimes 
taking a few seconds to reach its maximum value, while fading was preceded 
by the change in the colour of the solution from the original greenish- blue to a 
dull reddish-blue. Now it is weU known that the blue colour given by vitamin A 
in the antimony trichloride test is “inhibited,” a term which may be considered 
to embrace diminution in intensity, alteration in tint or acceleration hi the 
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rate of fading, by a wide variety of substances [Corbet et al, 1933]^. Thus 
uiisatiirated acids and oils cause inhibition when present in relatively high 
concentration [Norris and Church, 1930], while substances of tlie indole 
type [Eminerie et al, 1931] and also a highly imsaturated fraction obtained 
from the acids derived from cod-hver oh [Eiiirnerie, 1933] appear to act more 
specifically and cause inhibition when present in very small aniouiits. In a 
preliminary communication [Booth et al, 1933] we have already suggested that 
the essential cause of the different behaviour of untreated summer and winter 
butter-fats hi the antimony trichloride reaction lies in the fact that not only the 
vitamin A content, but also the uihibitory power of the fat is increased in siiinmer 
butters. We have also pointed out that the free fatty acids prepared from summer 
blitter differ from those from winter butter in showing much stronger absorption 
at 230 m/x, and much more rapid brown colour formation when treated with the 
antimony trichloride reagent. Suice however it is not yet clear whether these two 
properties are genuinely related to the increased inhibitory power of summer 
butter-fat ive shall not include data obtained on the free fatty acids in the present 
paper but shall confine ourselves to a description of iiiiiibitory powder onlj in so 
far as it affects the colorimetric estimation of the carotene and vitamin A. 

Experimental. 

The 15 butter-fats examined in the present work were selected from a large 
■ collection of samples which had been accumulated and exaininecl in the course 
of about 13 months as the result of bi-weekty collections of milk from the 
typical herd of Shorthorn cows kept at Shinfiekl The butter was chiiriied in 
the Institute’s experimental dahy and was unsalted. It was rendered wdtiiout 
dela}^ When not in use the butter-fats were stored in a refrigerator. No 
noticeable deterioration occurred under these conditions. 

Carotene estimations. There is little evidence that any pigment other than 
^-carotene is normally present in significant amounts in butter -fat, and in the 
present work the intensity of yellow pigmentation has been taken as a measure 
of the carotene concentration. The yellow units per g. of butter-fat were 
measured in a Lovibond tintometer using a ceil of such thickness as to give a 
reading of 2-5 Y. This reading was then corrected for thickness of the cell and 
for the difference of the specific gravity of butter-fat from unity 

1 Interference in the application of the ShClg reaction may also arise through clouding of the 
reagent (as by water, alkali, medicinal paraffin or squalene), or through the developiiient of an 
intense colour by the substance added which masks the vitamin A blue (as in the case of the 
brown colour formed by large amounts of unsaturated acids, probably through inipiirity, or by 
rancid fats). These forms of interference can hardly be considered to represent true “ inhi bition. 

2 The accuracy of observation is limited by two factors. On the one hand the matching of 
shades of more than 10 Y is very difficult, involving a great personal variation according to the 
amount of red introduced. On the other it is found that the readings obtained on using cells of 
different thickness (1 cm., I cm., i cm.) do not show a linear relationsiiip. The saimreffect is 
observed when the thickness of the cell is kept constant, and the fat diluted with ca suitable 
solvent. The plan of keeping the reading within defined limits, as described above, seemed to be 
least objectionable and was always adopted except in early experinaents carried out before a 
i cm. cell had been acquired. In these cases readings of the order of 10 Yy, taken in a h cm. cell, 
were subsequently corrected to allow for the slightly lower reading that would have been obtained 
if a cm. cell had been used. 

In earlier experiments yellow values were estimated both on the untreated hutter-fat and 
on the non-saponifiable residue. The values obtained in the latter case, however, always indicated 
a quantitative tiansference of pigmentation to the non-saponifiable residue, and observations on 
the latter therefore appeared to be unnecessaiy . In the present paper data obtained using the 
untreated butter-fat only are given. 
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Example. Sample in ^ cm. ceil gave reading of 3*2 Y. 


Y.U. per g. ^ 


3*2 X 2 X ^ = 7*L 


Blue colour estimation. Untreated butter-fat. The blue values of the untreated 
butter-fats were estimated by treating 0*5 g. of the melted fat with 2 cc. of the 
SbCig reagent in a 1 cm. cell, and observing the maximum blue reading attained. 
Since the colours given were extremely transient, especially in the case of 
winter butters, observations could only be carried out by setting the tintometer 
at the expected reading as indicated by prehminary trials, and then, after 
rapidly adding the reagent to the fat, noticing whether the maximum, colour 
produced was more or less than the expected reading. Through practice fairly 
consistent results could be obtained in this way. 

Blue colour estimation. N on-sa'ponifiahle residue. Saponification of the butter- 
fats was efliected by boiling together 5 g. of the fat, 2*2 cc. of a saturated solution 
of KOH ill distilled water and 10 cc. of ethyl alcohol. In earlier experiments 
boiling was continued for 1 hour under a reflux condenser, but this procedure 
was subsequently modified since saponification was found to be complete after 
boiling for 2 minutes. The alteration in the time of boiling had no effect on the 
blue value of the non -saponifiable residue, and it will therefore be unnecessary 
to indicate which procedure was adopted in individual samples. To obtain the 
non-saponifiable residue the soaps were diluted with 40 cc. of water and ex- 
tracted with 3 portions of 50, 25 and 25 cc. of ether. The extracts were combined, 
washed with water, dried with anhydrous sodium sulphate and evaporated on 
a water-bath, the last traces of solvent being removed under diminished pressure. 

The non-saponifiable residue so obtained was dissolved in 5 or 10 cc. of 
chloroform. An amount of this solution expected to give a blue reading of 3-5 
was made up to 0*5 cc. with chloroform and treated in a 1 cm. cell with 2 cc. of 
the antimony trichloride reagent. The colour produced did not fade so rapidly 
as in the case of the untreated butter-fats, but to obtain maximum values it 
was necessary in some cases to take readings rapidly. Results were calculated 
as follows. 

Examples. Untreated butter. 

0*5 g. with 2 cc. SbClg reagent gave 2 B 0*5 Y. 

B.U. per g. = 2 X 2*5 (total vol. of mixed solutions) x ^ 

= 10 B.U. per g. 

Non-saponifiable residue from 5 g. butter- fat was dissolved in 10 cc. CHCI3. 
0*3 cc. of this solution with 0*2 cc. CHGI3 + 2 cc. SbCl3 gave 4B 1 Y. 


B.U. per g. butter-fat ^ 


. 4x2-5x10 
o X 0-3 
: 67. 


- The above colorimetric methods, of course, do not permit a high degree of 
accuracy. Personal errors in matching the colours are difficult to exclude, 
particularly when a high proportion of a second colour (e.g. 3mllow in the case 
of the SbCls blue) or the use of neutral glasses is necessaiy to obtain the correct 
shade. Moreover the conditions of illumination of the tintometer, which in the 
present instance were quite different at Shinfield (artificial light) and Cambridge 
(diffuse reflected daylight), must be taken into account. To avoid variations 
arising from errors of the above type the results obtained in the two laboratories 
were not intermixed, but each series was taken from results obtained in one 
laboratory. In most cases the general conclusions reached were confirmed b}^ 
parallel work in the other laboratory. 

75~ 2 
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Table I. 

Blue value (B.U. per g.) 



Yellow value 

f 


Ratio 

blue value N.S.R. 


(Y.U. per g.) 

Untreated 

Untreated 

Non- 

saponifiable 

Date 

butter-fat 

butter-fat 

matter 

blue value fat 

! April 26 

2-4 

8 

16 

2 


Cows went out to pasture April 26th. 


May 3-4 

10-5 

10*5 

66 

6 

May 10-16 

17-5 

7 

66 

9 

June 22-28 

23 

10 

63 

6 

July 12-xAug. 2 

17-5 


62 

9 

Sept. 30-Oct. 13 

19-4 

8 

67 

8 

Oct. 31-Nov. 3 

16-5 

7 

72 

10 

1 Jan. 26-30 

2-6 

7 

42 

6 

Feb. 24-27 

2-8 

12-5 

35 

3 

March 24-27 

3-0 

13 

40 

3 

x4.pril 14-17 

2-3 

12 

34 

3 

April 19-20 

3-2 

13 

36 

3 


Cows went out to ptasture April 20th. 


April 27-28 

7*2 

9 

64 

7 

May 9-11 

13 

8 

68 

8*5 

May 19-22 

18 

7*5 

72 

10 



1932 1933 


Fig. 1. Seasonal variations in butter-fat. The upper continuous curve indicates the SbClo blue 
value determined on the non-saponifiable residue, the lower continuous curve the blue value 
as determined on the untreated butter-fat. The broken curve indicates carotene expressed 
as yellow units determined on the untreated fat. The blue and yellow scales have been 
adjusted on the assumption that 2 Y.U. of carotene are equivalent biologically to about 
5 B.U. of vitamin A. 


Seasonal variation in carotene content. The seasonal variation in carotene 
content as indicated by the yellow value is given in Table I and shown graphically 
in Fig. 1. The first value given relates to a very faintly coloured butter-fat 
obtained during the last weeks of stall feeding in April 1932. In agreement with 
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well ■ established precedent there was a sharp rise in the carotene content coin- 
ciding with the turning out of the cows to pasture, after which the value re- 
mained almost constant until the autumn, when a gradual fall began which 
continued throughout the winter, during which, of course, stall feeding was 
adopted with an increasing scarcity of green fodder. The butters of March and 
April 1933 werfe again very faintly coloured, and the rise in carotene content 
was repeated on turning out the cows to pasture as in the previous year. 

Seasonal variation in the blue value of the untreated fmtter~fat. Data are given 
in Table I and Fig. 1. The value varied between comparatively narrow limits 
(7-13 B.U. per g.) and was usually soiiiewliat greater in “winter’’ than in 
^ ' summer ’ ’ butter-fats . 

Seasonal variation in the blue value of the non- saponifiable residue (see Table I 
and Fig. 1). In contrast with the case of the untreated butter-fat, the blue 
value of the non- saponifiable residue showed a marked seasonal variation. The 
value rose sharply when the cows were turned out to pasture in the spring of 
1932, remained constant during the summer and autumn, declined during the 
winter and rose again when the cows were turned out to pasture at the end of 
April 1933. The variation thus followed the carotene content, although the 
disparit 3 r between the winter niinimura and summer maximum, was not so 
great. 

Seasonal variation in the ratio of the blue values as determined on the non- 
saponifiable residue and on the untreated butter-fat. In the above experiments 
the blue value per g. of butter-fat was invariably greater when the determination 
was carried out on the noii-saponifiable residue than when the butter-fat was 
treated directly with the SbCls reagent. It will be seen from Table I, however, 
that the ratio of the two values was not constant, but was generally greater 
ill summer than in winter samples. 

Seasonal variation in the inhibitory power of the butter-fat in the SbClQ reaction 
of vitamin A. The inhibitory powers of the winter and summer butter-fats were 
compared by observing the reduction in blue reading caused by the addition 
of a fixed amount of the butter-fat to a fixed amount of vitamin A concentrate 
(B.D.H.) before treatment with the SbClg reagent. It must be emphasised that 
both winter and summer butter-fats interfered in the SbClj reaction of vitamin A, 
although in different, waj^s. With winter butter-fat the first flash of colour pro- 
duced approximated to that due to the added concentrate, after which rapid 
fading took place. With summer butter, on the other hand, the first flash of 
colour was completely inhibited, and instead the miicli less intense dull blue 
which appears to be given b}* the vitamin in the presence of inhibitory 
substances gradualty developed. By taking readings immediately after the 
addition of the reagent, therefore, a decided seasonal difference could be 
demonstrated. 

In Table II data are given showing the effect of adding 04 cc. of butter to 
0*0055|mg. of a vitamin A concentrate, which by itself gave a reading of 7 B.U. 
when dissolved in 0-5 cc. of chloroform and treated with 2 cc. of the SbCIg 
reagent. The colour readings observed immediately after adding the reagent 
and also after standing for 30 seconds are given. In Fig. 2 these results are 
shown graphically. The inhibitory power shows a seasonal variation similar 
to that already shown to occur in the carotene and vitamin A contents^. 

^ 111 tlie above experiments the blue colour observed must have been derived not only from 
the concentrate but also from the butter added as inhibitor. The amount of vitamin present in 
summer fats was, of course, much more than in winter fats. The degree of inhibition by summer 
fats was therefore even greater than would appear at first sight. 
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Concentrate with 0-4 cc. of 
butter fat 


Concentrate alone 


Table II. 

Immediate 

Blue reading 


blue reading 

after 30 secs. 

May 3-4 

6 

3 

May 10-16 

3-5 

3 

June 28 

3 

3 

July 12- Aug. 2 

2-5 

2-5 

Sept. 30-0ct. 13 

2-5 

2-7 

Oct. 31-Nov. 3 

3'5 

3-0 

Jan. 26-30 

5-5 

2-5 

Feb. 24-27 

6 

2 

March 24-27 

6 

2 

April 19-20 

6 

2-5 

April 27-28 

4 

2-5 

May 9-11 

3 

2-5 


7 

6-5 



Fig. 2. Seasonal variation in the inhibitory power of butter-fat on the SbCls reaction of added 
vitamin A concentrate. The continuous curve gives readings immediate^ after adding 
reagent, the broken curve gives readings after SO secs. The concentrate by itself gave a 
reading represented by the horizontal axis; after 30 secs, the colour faded to correspond with 
the dotted line just above the horizontal axis. The scale of Lovibond blue readings has been 
inverted so that the curve rises as the inhibitory power of the hutter-fat increases. 


Biscijssiohr. 

The above data on the yellow value of untreated biitter-fat and on the blue 
value of the noii-saponifiable residue provide additional confirmation of the 
already well established seasonal variation in the carotene and vitamin A con- 
tents of butter-fat depending on the change in the nutrition of the cow on 
turning out to grass. 

On the other hand the blue value of the untreated butter-fat is almost 
valueless as a guide to vitamin A content. In this case the iiitensitjr of blue 
colour given by the butter-fat is affected in a positive sense by the amount of 
vitamin A present, but also in a negative sense by the inliibitoiy power of the 
fat. The effect of pasture feeding is to increase both these variables, with the 
result that the effects cancel out and the observed blue value is little changed^. 

^ The blue value, of the untreated butter-fat may sometimes show a definite increase under 
abnormal conditions of feeding. Thus Moore [1932] found the blue value to be increased on supple- 
menting the stall dietary with large amounts of carrots. A similar result may be obtained by 
feeding cod-liver oil. 
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Apart from tiie question of follomng the seasonal variation, the blue value 
determined on the untreated fat in any case represents only 1/10-1/5 of the 
true blue value as determined on the non- saponifiable residue. 

In regard to the practical problem of assapng the total vitamin A activitj^ 
of butter-fats by colorimetric methods it is obvious that both carotene and 
preformed vitamin A must be taken into account. The carotene content, on 
the assumption that yellow colour is entirety due to this pigment, may be calcu- 
lated on the basis that pure carotene has a yellow value of about 2000 Y.U. 
per mg. The vitamin A content, to avoid unnecessaiy assumptions as to the 
blue value of pure vitamin A, majr be expressed in blue units determined on 
the non- saponifiable residue^. On attempting to combine the carotene and 
vitamin A contents to arrive at the total activit}^ of the butter-fat, however, we 
are faced with the difficulty that no general agreement has yet been reached 
on the relative activities of carotene and vitamin A. To help in the interpre- 
tation of the present results, and without impljnng that an accurate ratio has 
yet been determined, it vdll be assumed from the recent work of Moore [1933] 
that 2 Y.U. of carotene are roughly equivalent to 5 B.U. of vitamin A. Acting 
on this assumption, and for purposes of simplicity accepting the international 
standard of vitamin A activity as referring to ly of pure carotene 2 , the total 
activity of a given sample of butter-fat might be calculated as follows. 

Y.U. per g. , B.U. (N.S.R.) . . 4 .- i 

j: — ^ -j > == international units per g. 

When we apply this formula to typical samples of “vdnter” (April 19-20, 
1933, giving 3*2 Y.U., 36 B.U. per g.) and summer” (May 19-22, 1933, giving 
18 Y.U., 72 B.U. per g.) butter-fats it will be seen that the total vitamin A value 
is increased from about 8*8 to about 23*4 units per g. The contribution of caro- 
tene to the total activity is of course much more substantial in the ‘‘'summer” 
sample, representing about 1/3 of the total activity. Biological experiments 
to decide the actual distribution of activity between carotene and vitamin A 
in summer butters by means of tests on untreated butter-fat and the same sample 
after decoloration by treatment with charcoal are now being carried out by 
two of us (R. G. B. and S. K. K,). 

Ill a subsequent communication we hope to deal with spectroscopic varia- 
tions in winter and summer butter-fats. 

Summary. 

1 . The seasonal variation in the carotene and vitamin A contents of typical 
English butter from Shorthorn cows was foEowed by colorimetric methods. 
Determinations of the hiteiisity of yellow colour were carried out on the un- 
treated butter-fats. SbCls blue values were determined both on the untreated 
fats and the corresponding non- saponifiable residues. 

^ Tlieoretically a correction equal to about 1/10 of the yellow value should be deducted from 
the blue value of the non- saponifiable residue to account for the amount of blue colour contributed 
by the carotene present. This correction, however, would appear to be so small as to represent 
an unnecessary refinement at the present stage of accuracy. In agreement with this view, in 
the case of most butters very little difference could usually be detected in the blue value of the 
non-saponifiable residue when determined on the natural yellow fat and on the same sample 
saponified after the removal of the carotene by absorption on charcoal. 

2 The international standard carotene is admittedly not of the highest attainable purity, but 
here again it is obviously premature to suggest a correction until general agreement has been 
reached. 
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2. Data obtained on yellow colour and blue value as determined on tlie 
iion-saponifiable residue were in good agreement with the well established varia- 
tion of the carotene and vitamm A contents of the butter corresponding with 
the quantity of grass or of green fodder available in the diet of the cow. 

3. Blue values determined on the untreated butter-fat were found to be 
valueless as a guide to vitamin A content, being 5-10 times lower than values 
determined on the non-saponifiable matter. 

4. Although blue values determined on the untreated fats showed no con- 
sistent quantitative variation, qualitative differences in the behaviour of the 
blue colours produced by “winter’’ and “summer” butter-fats were observed. 
These differences were connected with an inhibitory substance or substances, 
which was present in much larger concentration hi “summer” than in “winter’’ 
butter-fats, and whose presence could be detected from its inhibitory power on 
the blue colour given by vitamin A when added from an external source. 

5. ^ In the practical assay of the total vitamin A actiidty of butter-fats by 
colorimetric means it is necessary that both the vitamin A and carotene contents 
should be taken into account. A provisional formula for calculating the total 
vitamin A activity is suggested. The total vitamin A activity of siimiiier butter- 
fat from Sliorthoni cows appears to be some three times greater than that of 
winter butter-fat. The fraction of the total activity due to carotene is also 
greater in summer butter-fat. 

Our thanks are due to Capt. J. Golding, Dr L. J. Harris and Prof. H. D. Kay 
for their valuable criticisms, and to Miss D. V. Bearden for the churiiiiio' of the 
butters. "" 
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The work described in this conimunicatioii records the successful application 
to boriiyl-d-glucuroiiide (borneolglucuronic acid) of the standard methods of 
elucidating the ring structure of sugar derivatives. Bornylglucuronide was 
isolated hj Clement and Eroinm [1902] from the urine of rabbits fed on boriieol, 
and later Quick [1927] prepared it from the urine of dogs similar^ fed. A full 
description of the general properties of this compound, however, was not given. 
Its formation was also detected by Hildebrandt.[1909] after subcutaneous 
injection of a solution of bornylglucoside in rabbits. In identification Hiide- 
braiidt quotes only the melting-point, 174^^. No previous investigation of the 
structure of a gliicuronide synthesised in the animal body has been described. 
Whilst this study was in progress, two papers appeared dealing with the structure 
of uroiiie acid residues in naturally occurring products of plant origin. An 
aldobionic acid from gum arabic has been the subject of a study by Cliallinor, 
Haworth and Hirst [1931]. By meth3dation and hydrolysis they find it to be a 
6-gaiactop3U’anose-d-glucuronic acid. The glucuronic acid residue was isolated, 
after hj^lrotysis of the methylated aldobionic acid, as syrup}^ trimethylglucuronic 
acid, which on meth^dation with methyl sulphate and alkali gave crystalline 
trimethyl-jS-meth^dgiuciironide. Then, by comparison of the rate of h^Mrotysis 
of the latter with that of ^S-methjdglucopyranoside, these authors deduced a 
pyraiioid structure for the glucuronide. Furthermore, Robertson and Waters 
[1931] have studied the structure of eiixaiithic acid, a compound of eiixaiithoiie 
and glucuronic acid. Euxanthic acid was meth^dated and the product hj^dro- 
lysed. From the products of hydrotysis trimethylglucuronic acid [cf. Cliallinor 
et al., 1931] was isolated. This was oxidised with nitric acid, and the products of 
oxidation, after esterification and distillation, yielded dimeth^d fl-dimethoxy- 
succiiiate and 2: 3:4-trimethyl-S-saccharolactone metlwl ester. The saccharo- 
iactoiie was then prepared indej)endentl}^ from a compound of knovm pjTanoid 
structure, 2:3: 4-trimethyl-a-methylglucoside, and hence its isolation from the 
oxidation products of trimethylglucuronic acid establishes a pjuanoid structure 
for the glucuronic acid residue of euxanthic acid. It may be mentioned here that 
Robertson and Waters did not find ^-xylotrimethoxyglutaric acid in the products 
of oxidation. 

In the work here described it is proved by direct chemical evidence that the 
glucuronic acid residue of bornjdglucuronide s3mthesised in the dog is a paranoid 
compound. ^-Bornyl-(Z-glucuronide was methylated with methyl iodide and 
silver oxide to give the method ester of 2:3:4-trimethyl-/3-bornyl-«^-gluouronide 
which was isolated as a white crystalline solid, M.n. 92-93'^ and [a^ei 30*7° 
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in alcohol. This ester was then subjected to the action of 0-2 A" sulphuric acid in 
methyl alcohol at 100° for 24 hours in a sealed tube, and a liquid mixture of the 
(3c- and ^-isomerides of the methyl ester of 2 : 3 : 4-trimethylmethylglueuronide 
was isolated and purified by distillation in a high vacuum. This ester had 
+ 98‘9° in W'ater. The fully methylated glucuronide was then carefullv 
oxidised mth nitric acid (sp. gr. 1-42) for 2| hours, the temperature beiAo- 
regulated and never allowed to rise above 90°. After removal of the hulk of the 
nitric acid by contmuous distillation mth water, the products of oxidation were 
esterified with 3 % hydrogen chloride in methyl alcohol. After neutralising the 
acid with silver carbonate, the solvent was evaporated and the sjTupy residue 
distilled m a high vacuum and fractionated. 

The first and second fractions, from their rotations in methyl alcohol, were 
found to be mixtures of about 20 % of dimethyl d-dimethoxvsuccinate and 80 ° ' 
dimethyl i-xylotrimethoxj^lutarate [see Hirst, 1926; Hirst and Purves, 19231 
The third fraction consisted mamly of 2 : 3 ; 4-trimethyl-§-saccharolactone methyl 
ester [Robertson and Waters, 1931]. On treatment of fractions 1 and 2 with ani- 
monia in methyl alcohol at 0°, each gave twn separate crops of erj^stals on standing. 
Tile first of tliese was collected after 2 daj^s’ standing and wlieii purified was 
identified as d-dimethoxysuccindiamide by analysis and bv comparison of the 
constants with those given by Haworth, Hirst and Miller 1:1927] for this com- 
pound. The second crystalline deposit W’as collected over a period of 14 days 
after the separation of the first crop and w^as identified as Lxylotrimethoxy- 
glutardiamide by analysis and comparison ivith the con-stants' given for this 
compound by Hirst and Purves [1923]. 

_ After 4 days’ standing in a desiccator, the third fraction of the products of 
high vacuum distillation partially crystallised. On extracting the partially 
crystalline mass with smaU quantities of ether, the syrupy part was removed 
leaving a white erystallme solid which was only slightly soluble in ether. These 
crystals (platelets) were then identified as 2 : 3 : 4-trimethyl-S-saccharolactone 
methyl ester by analysis, rotation, melting-point and titration: this lactone 
ester was described for the first time by Robertson and Waters [1931] and 
shown to possess a pyranoid structure. 

The isolation of Lxylotrimethoxyglutarie acid derivatives from the products 
of oxidation can only be explained by ascribing to the original glucuronide a 
pyranoid structure, smce carbon atoms 2, 3 and 4, with their attached methoxy- 
gioups have been isolated as crystalline ^■-XJdotrimethoxyglutardiamide. The 
d-dimethoxysuccmie acid derivatives which were obtained in small meld are 

^■-^ylotrimethoxyglutaric acid. Additional 
evidence for the pyranoid structure of the uronic acid residue of bornvlglu- 
curonide is obtained from the isolation of the crystalline 2 ; 3 : 4-trimethvl- 
d-saccharolactone methyl ester, which, as has ah-eady been mentioned, is known 
to possess a pjTranoid stmctm-e. The arguments therefore prove that hornyl- 

ad^re^ue fob ^ ghicosides and that the uroAc 

w ^ “ possessing a pmanoid striic- 

sequence of structural formulae (p. 1199) illusteates the above 

foUowing formulae that any trimethoxvdutaric 
I f of glnenronic acid should be optieaUy 

hand Te Xmdh™S? 
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Experimental. 

Administration of borneol. Isolation of zinc bornylglucuronide. 

3 to 4 g. of borneoR were fed daily to each of several dogs weighing from 
20 to 30 lbs. Initially the borneol was fed smeared on meat, but since the dogs 

1 Borneol (Harrington’s) [ahisi + ^O" (in EtOH). 

Borneol (B.D.H.) [a]546x+26-o° (in EtOH). 


1200 


J. PRYDB AND R T. WILLIAMS 


finaEy refused to eat any food tasting of borneol it was found easy and advan- 
tageous to administer it in small gelatin capsules. The capsules could be con- 
cealed inside pieces of meat wliicli were rapidly swallowed by the dogs. Each 
capsule held about 0*5 g. of borneol. The dogs were kept in a large zinc-lined 
cage, which carried under the floor a large shallow zinc fiiiiiiel, so that ail the 
urine excreted could be collected in a beaker placed at the lower orifice of the 
funnel. The urine collected was worked up daily by a method based upon that 
of Quick [1927]. The urine was acidified wdtli acetic acid and precipitated with 
the exact quantity of normal saturated lead acetate and filtered. The clear 
yellow filtrate was heated to the boiling-point and about 10 g. of solid zinc 
acetate were added to ever}?- 500 cc. of hot filtrate. The vessel was well shaken 
to initiate the separation of the zinc salt and, after standing for about 2 minutes, 
it was filtered under suction, washed with wmrm water and dried in the air. 
With stale urine the yield of zinc salt was low, and it had a brown colour and 
urinary odour. The salt develops a broTO colour and urinaiy odour if, after pre- 
cipitation, it is allowed to stand in contact with the mother-liquor for some time 
before filtering. Otherwise the salt is pure white and odourless. The yield was 0-5 
to 0*6 g. per g. of borneol fed. The salt is insoluble in water and ordinary organic 
solvents, but is soluble with hydinlysis in dilute acids. This salt was first prepared 
by Clement and Fromm [1902] who gave it the formula 2 H 2 O. In 

the present investigation it was prepared for analysis by boiling vfitli distilled 
water, filtermg under suction, washing with water, alcohol and ether and dindiig 
in a desiccator. It was then analysed for zinc by the zinc ammonium phosphate 
method. Found Zn, 8-56 % ; C 32 H 5 oOi 4 Zn, 2 H 26 requhes Zii, 8*61 % .' 

Only^ a few experiments were carried out on human subjects, for reasons 
which will be dealt with in a later paper, but the zinc salt was isolated in the 
same way as for dogs and in about the same yield. 

The preparation of ^-bornyhd-glucuroyvide 

The powdered zinc salt (50 g.) was dissolved in 80 ec. of hot 3-5 sulphuric 
acid and the solution filtered whHe hot on a glass filter. The filtrate was then 
allowed to stand in the refrigerator overnight whereby it became a semi-solid 
slightly brown crystalline mass. The liquid was filtered under suction and the 
solid ^ washed with ice-cold water. It was reerystallised from hot water, de- 
colorising with charcoal. The yield was 35 to 40 g. For titrations and optical 
rotations some specimens were reerystallised several times from hot water. 
^-Bornjd-d-glucuronide forms microscopic prismatic needles similar to those 
described by Clement and Fromm [1902] for the corresponding mentliylgliicii- 
romde It is odourless when pure and is easily soluble in hot water, ether and 
alcohol, slightly soluble in cold water, and practically insoluble in chloroform. 
Contrary to Quick [1927], who states that borixylgluciiroiiide possesses 'water of 
oiystallisation approximating to one molecule, the titrations described below 
show h to contain exactly 1-5 molecules of water; it is thus similar to the eorre- 
spondmg menthylglucuronide which also possesses 1-5 molecules. It melts at 
174 1 <5 . Its specific optical rotation will be dealt with in a later publication. 

Titrations {microburette). 

Several titrations were carried out with highly purified specimens. 

1. Air -dried specimen. 

0-1010 g. required 5-13 cc. of 0-055i\^ NaOH. 

5-14 cc. is required for CieHaeO, + l-SHaO, 

5-28 cc. is required for CjeHaeO^ + HgO. 
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2. Dried over stdphuric acid. 

0“1453 g. required 6-55 cc. of 0-0625 iV NaOH. 

6-51 cc. is required for CigH2607 + 1'5H205 
6-75 cc. is required for CigHagO^ + HgO. 

3. Dried at 137° over P 2 OQ in vacuo. 

0-1009 g. required 4-91 cc. of 0-0625^ NaOH. 

4-89 cc. is required for Ci6H2e07 {i.e. anhydrous). 

The methylation of ^-bornyl-d-gluciironide. 

Isolation of 2:3 : 44riwMhyl-^-bor7iyUd-glucu7'omde. 

Bornylgliicuroiiide (3*3 g.) was methylated with silver oxide and methyl 
iodide in the usual manner. The reaction at first proceeded vigorously in the 
cold owing to esterification of the free carbox3d group, and later the methylation 
was continued at 45 to 50°. Four separate treatments with fresh silver oxide 
and iiietli}^ iodide were necessary to methylate the compound complete^, and 
the methoxyl content of the product increased as follows : syrup after the second 
methylation had OMe, 25-46 % ; after third methjdation, OMe, 29*61 % ; after 
fourth methylation, OMe, 30-63 % . The product of the fourth meth^dation was 
entirel}?' crystalline ; the jield was 3 g. It was recrystallised first from ether then 
from 50 % aqueous alcohol. It crystallised in white shining hexagonal plate- 
lets, M.P. 92-93°; it was veiy soluble in alcohol and ether, but msoliible in water; 
it did not reduce Fehling’s solution and was neutral in reaction. 

MSii ~ 30-7° in absolute alcohol (c == 0-717). 

Found C, 62-4; H, 8-9; OMe, 31-3%. C20H04O7 requires C, 62-1; H, 8-9; 
OMe, 32-1 %. 

Simultaneous hydrolysis and methylatmi of trimethylbomiylglucuronide 

methyl ester.. Isolation of 2 : 3 : 4-trimethylmetkyl-d-glucuro7iide methyl ester. 

Trimethylborn^dgluciironide method ester (6 g.) was dissolved in 100 cc. 
of 0-2 A sulphuric acid in methyl alcohol and the solution heated for 24 hours 
at 100° in Cariiis tubes. After cooHng, the tubes were opened and the solution, 
which smelled strongly of borneol, was neutralised with silver carbonate and 
filtered. The methyl alcohol was removed at 40° under diminished pressure. 
Some cr^^stals of borneol separated from the syrupy residue, but the bulk of it was 
precipitated hj adding w^ater. It was then filtered. After thorough extraction 
of the borneol with water, the combined aqueous extracts were concentrated 
m vacuo at 45° to a s^mip. The sjuaip, however, still contained silver salts and 
these were removed by dissolving the syrup in ether and filtering the precipitated 
silver salts. The ethereal solution on concentrating gave a faintly yellow^ clear 
ihobile syiup which was thorough^ dried and distilled (^field 3-8 g.). The syrup 
distilled at 131 °/4 mm: giving a mobile and perfectly colourless s^uup in a jfield 
of 3-3 g. It was non-reducing and proved to be the expected 2:3: 4-trimethyl- 
methyl-d-gliicuronide methyl ester: 72-^“ T4469, 1-4480; + 98-9° in 

w^ater (c = 0-531). Found C, 49-7; H, 7-7; OMe, 57*6%. C3_iH2o07 requires 
C, 50-0 ; H, 7-6 ; OMe, 58-7 %o - 

The borneol which separated was dissolved in ether and the solution filtered 
and evaporated to diyness. The residue was then purified by distillation in 
steam and dried in a desiccator. It melted at 206° and had -{- 30-1° in 
absolute alcohol (c = 1-164). The rotation of the original borneol fed to the dogs 
was [a]54Qi -f 20° in absolute alcohol; m.p. 207°. . 
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Oxidation of 2:3 : idrimethylmetJiylglucuronk^^^ methyl ester loitJi nitric acid. 

Esterification of the 2yroducts of oxidation. 

Tlie ester (2 g.) was dissolved in 20 cc. of nitric acid (sp» gr. 142). Tlie 
reaction was initiated by heating on a water-bath to 65'^. Very vigorous evolution 
of oxides of nitrogen took place and the mixture had to be cooled to moderate 
the reaction. After half an hour the temperature was raised to 90° and this 
temperature was maintained for 2 hom’s. At the end of this period the evolution 
of gas had ceased and the solution was diluted with an equal volume of water. 
The nitric acid was removed by distillation with water at 40° under diminished 
pressure, ushig a contmuous feed arrangement to supply fresh quantities of 
water without interrupting the distillation. Finalty, the solution was concen- 
trated to a pale yellow stiff syrup with a strong acid reaction, due in part to 
the presence of residual traces of nitric acid. This sjuup was taken up in methyl 
alcohol and the solvent evaporated to remove traces of water with it. The 
syrup was then thoroughly dried in vacno over phosphorus pentoxide at 70-80°. 
The residual nitric acid did not cause any decomposition during drying, nor did 
it interfere with the subsequent esterification. 

Esterification of the acid syrup was accomplished by boiling for 7 hours with 
30 cc. of 4 % h^^drogen chloride in methyl alcohol. The solution wms next neutral- 
ised with silver oxide and dried by standing overnight over anhydrous sodium 
sulphate. After filtering and extractmg the residues with methyl alcohol the 
solution was concentrated to a pale yellow^ mobile syrup. It still coiitaiiied 
silver salts, derived from the residual nitric acid, and these were removed by 
dissolution in ether and filtering. The ethereal solution wuis now" concentrated 
and the resulting sjump thoroughly dried in vacuo. The yield wus 1*5 g. 

High vacuum distillation of the esterified syrup. The drieKl syrup "was distilled 
in a high vacuum and three fractions collected as folio w^s : 


Fraction 

Bath 

Pressure 

Yield 


temperature 

mm. 

g- 

Remarks 

1 

11.5-119“ 

0-24 

0-531 

Colourless mobile syrup 

2 

120-136“ 

0-25 

0-358 

Ditto 

3 

140-150“ 

0-34 

0-497 

Viscous j^eliow syrup 


A small amount of a dark residue remained in the distilMiig flask and w^as 
neglected. Each fraction was then examined separate^. 

Exa^nination of fraction 1. 

The refractive index was 14409; - + 18*72° in methyl alcohol 

(c = 1*602). Found OMe, 61*56 %. These values accord with those required for 
a mixture consisting of SO % of dimethyl 'i-xylotrimetlioxygliitarate [Hirst and 
Purves^, 1923] and 20 % of dimeth3d d-diniethoxA^'succiiiate [Haw^orth, Hirst 
and Miller, 1927] (the former has 1*4402 and"[a];, 0°, and the latter has 

1*4340 and [a]^ 81° in methyl alcohol). A mixture of these two esters in the 
above mentioned proportions gives rdf; 1-4398, [a]^, -h 16*2° and OMe, 61-64 %. 

AcUon of ammonia on fraction 1 . 0*4 g. of the syrup wms dissolved in 10 cc. 
of dry methyl alcohol, and the solution was saturated with ammonia at 0 °. 
The solution developed a light pink colour and deposited crystals in 24 hours; 
these were filtered, washed thoroughly with methyl alcohor followed by ether 
and dried. They formed tufts of needles and were identified as d-dimkiioxy- 
succmdiamide [Haworth, Hirst and Miller, 1927]. The solution was then re- 
treated with dry ammonia, and a second crop of crystals, differing in appearance 
trom the first, was collected over a period of 14 days. The solution had also 
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developed, in one experiment, a deep purplish colour, typical to the formation of 
the xylotriiiiethoxyglutardiamide [see Hirst and Purves, 1923]. On evaporating 
the solution to dr;piess a farther amount of the second crystalline material was 
collected. Some difficulty was experienced in purifying the last crop of crystals, 
but this was eventually accomplished by dissolving in eth 3 d alcohol, decolorising 
with charcoal and then filtering the solution. The solution was then evaporated 
to drjniess and the resulting sticky crystals washed with cold methyl alcohol 
followed ether, to remove adhering S 5 rrup. These crystals were identified as 
^-x^dotrimethox^^^glutardiamide [Hirst and Purves, 1923]. 

Analysis, etc. 

1. tl-Bimethoxysiiccindiamide. Yield 0*08 g.; m.p. 272""; [aK“, + 114-6° 

in -water {c - 0-193) ; [a]^, = + 97*1° (calc.), [a^., + 113-2° in water"(c = 0-159) ; 
[oc],,95-9° (calc.). Found OMe, 35-8; N, 15-9 %. requires OMe, 

35-2; N, 15-9 % . 

2. 'i-X^dotrimethoxj^gliitardiamide. Yield 0-1 g.; m.p. 195° to a blue melt. 
It was optically inactive. Found OMe, 42-1; N, 12-97 %. CoHt.O.N> requires 
OMe, 42-3; N, 12-73%. 

Examinat ion of f raction 2. 

The refractive index was 1-4430 ; 18-37° in methyl alcohol (c = 1-143). 

Found OMe, 59*26 % . These values show it to possess almost the same com- 
position as fraction 1. 

Action of ammonia on fraction 2. 0*25 g. of the sjrup was treated in the same 
way as fraction 1. The solution turned a pale greenish-blue colour indicating the 
presence of the xjdo-derivative. A small amount of dimethoxysuccindiamide 
was isolated iollowed b^" the xylotrimethox^^glutardiamide and w^as examined 
as in fraction 1. 

Examination of f ract ion 3. 

Isolation of 2:3 : d-trimethyUS-saccharolactone methyl ester. The refractive index 
of the s\niip was 1-4570 and the methoxjd content OMe, 55-63 %. The 
methoxyl value suggested that it was, most probably, a mixture of trimethyl- 
saccliarolactoiie methyl ester and dimethyl ^-xylotrimethox^’-glutarate. After 
standing for 4 days in a desiccator the syrup became partially crystalline. It 
was then treated with ether in small quantities, and the adhering syrup was 
removed, leaving a mass of white, shining platelets sparingly soluble in ether. 
These w^ere tlioroughly w^ashed with ice-cold ether, dried in a desiccator and 
identified as 2 : 3 : 4-trimethyl-S-saccharolactone methyl ester [cf. Robertson and 
Waters, 1931; Charlton et aL, 1931]. The crystals melted at 106-4° and had 
WSii + 175*9° in benzene (c = 0-216). 

Titration of total carboxyl. 9-55 mg. of the lactone were boiled for half an 
hour with lOcc. A/70 NaOH and then the solution was titrated with A/70 
sulphuric acid. Found 5-23 cc. of A/70 NaOH; CioH^sO^ requires 5*39 cc. Found 
C, 48-4; H, 6-6; OMe, 50-6 % . requires C, 48-4; H, 6-5; OMe, 50-0 % . 

Robertson and Waters [1931] quote m.p. 106° and [a|% -f 176-05° in 
benzene, while Charlton et al. [1931] quote m.p. 107° and [oijf + 146-5° in 
benzene. 


Summary. 

/S-Bornjd-d-glucuronide (borneolglucuronic acid) Ci^HgeOj, l-oHaO, isolated 
as the zinc salt from the urine of human beings and dogs fed wdth borneol, gives 
ciystalline 2 : 3 : 4-trimethyi-^-bornyl-d-glucuronide methyl ester by metliyl- 
ation with silver oxide and methyl iodide. This ester is converted into a mixture 


1204 


J. PRYDE AND R. T. WILLIAMS 


of a- and ^8-2 : 3 : 44rimetIiylmethyi-(^-gluciiromde metliyi esters by the action of 
0-2 W sulphuric acid in methyl alcohol at 100° under pressure. Oxidation of the 
fully methylated glucuronic acid with nitric acid yields d-dimethox3^succiiiic acid, 
?hxyiotrimethox3^glutaric acid and 2:3:4-trimethyl-S-saccliarolactoiie. The first 
two of these %vere identified as the crystalhne diamides, while the saccharo- 
lactone was identified as the crystallme methyl ester. The isolation of -^hx^do- 
trimethoxyglutaric acid and 2:3:4-trimethyl-.§-saccharolactoiie establishes a 
pyranoid structure for the glucuronic acid residue of bornyigluciiroiiide, a 
typical conjugated glucuronic acid, synthesised in the animal body. 

The expenses of this work were hi part defrayed by a grant from the Medical 
Research Council. One of us (R. T. W.) is indebted to the Council for a whole- 
time assistance grant. 
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{1-Glijcxte.one is the stable anhydride of (^-glucuronic acid and it is in the form 
of this lactone that glucuronic acid is generally obtained. It was first prepared 
by Schiniedeberg and Meyer [1879] from camphoglycuronic acid isolated from 
the urine of dogs fed mth camphor. Free glucuronic acid was not isolated in a 
crystalline condition until 1925 [EhrHch and Rehorst, 1925]. (Z-Glucurone has 
been isolated from both plant and animal sources, and it is clear that the 
products from both sources are identical. (^-Glucurone probably possesses both 
a pyranoid and a furanoid ring, since most of its properties indicate it to be a 
y-laotone. However, direct chemical evidence on this point is lacking. 

The preparation of d-glmurone. Quick [1927] has hydrolysed, with dilute 
sulphuric acid, bornylglucuronide obtained from the urine of dogs receivhig 
borneol. He obtained a product which by titration he found to be a mixture of 
70 % of gliicuronic acid and 30 % of glucurone. Adopting Quick’s method in 
the present investigation identical results have been obtained. The lactone is 
separated from this mixture by crystallisation from glacial acetic acid, and the 
crystals so obtained are recrystallised from water. 

In the work here described it was necessary to obtani the lactone in good 
yield and free from the acid. Quick’s method was inconvenient and necessitated 
the use of an acid solvent — acetic acid — which tended to char the product. A 
method was therefore devised by means of which the glucuronic acid residue of 
bornylglucuronide could be obtained entirely as the lactone (see experimental 
section). The glucurone obtained in this way possessed the physical properties 
previously quoted for this compound. 

The methylation of d-glucurone. While this investigation was in progress, the 
methylation of d-gluciirone, obtained by the hydrolysis of gum arable, was 
described by ChalMiior et at. [1931]. These workers used methyl sulphate and 
alkali as methylating reagents and obtained trimethyLjS-methyl-(i^-glucuroiiide, 
a result which indicated that the lactone ring had been opened, as is to be 
expected when these methylating reagents are used. In the present investigation 
(i-glucurone was methylated with silver oxide and methyl iodide. The products 
of methylation consisted of two crystalhne solids, which at first were erroneously 
assumed to be stereoisomeric trimethylglucurones [Pryde and Williams, 1931; 
1933 , 1 ], and an uncrystalhsable sjuup. Out of a total of seven methylation 
experiments, crystallhie trimethylglucurone was isolated in three instances, 
while the other four experiments yielded another crystalline solid which has 
been provisionally named trimethylglucuralone. In each methylation the sofid 
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product was obtained in a yield of 25 % of tlie giiiciiroiie used, whilst the other 
75 % underwent more extensive methylation, as a result of the opening of the 
lactone ring. In no case were trimethjdgluciiroiie and trimethylgluciiraloiie 
isolated together from the same methylation. The conditions under which 
either was formed seemed to be identical, but it is probable that some slight 
variation in the conditions of the methylation which wmild favour the formation 
of one or the other of these two solids has been overlooked by us. This problem 
is at present the subject of further investigation. 

Trimetliyl-di-glucurone. This compound was isolated after subjecting d- 
gliiciirone, dissolved in methyl alcohol, to two or three iiiethylatioiis, each of 
8 hours’ duration, mth silver oxide and methyl iodide. It formed very long 
colourless prismatic needles of m.p. 131-132^^. It was purified by recr3rstallisatioii 
from ether or methyl alcohol, preferabty ether containing a little method alcohol. 
It was easily soluble in methyl alcohol and vrater but sparing^ soluble in ether. 
It had [aJsiex -f- 197*5° in water, which remained constant, dissolved in method 
alcohol contaming 1 % HCl, it showed a marked change in rotation at room 
temperature, the rotation falling according to a reaction of the first order. Its 
aqueous solution was neutral to litmus and Congo red papers, but was acid to 
methyl red indicator solution. It titrates as a lactone with alkali; it gives a 
positive reaction with naphthoresorcinol ; it does not decolorise permanganate 
or bromine water like trinietlijdglucuralone {vide infra). TriinethAdgiiicuroiie 
probably has the constitution : 

inOMe 

HCOMe 

I 0 

-CH 

! I 

I HCOMe 


There is, however, no direct chemical evidence for the existence of the 
fiiranoid ring, although it is the most probable structure. The presence of a 
p^Tanoid ring may be inferred from the results already described in Part I of 
this series [Pryde and Williams, 1933, 2] and from those of Challinor, Haworth 
and Hirst [1931]. The WTiters hope to suppl}", in the near future, definite chemical 
evidence on this point. 

TTimethylglfiicuf alone ^ This compound was isolated as a cicvstalliiie solid from 
the methylation of d-glucurone with silver oxide and methyl iodide as has 
aheady been mentioned. It was ciystallised from ether or methyl alcohol and 
formed elongated flat tablets, m.p. 88°, soluble in inetlijd alcohol and dissolving 
with initial difficulty in water; it is sparingly soluble in ether. Its rotation in 
water w^as [oc] 54 qj -f 110*8°, w^hicli remained constant. Unlike trimethjdgiiiciiroiie 
it does not undergo any change in rotation in metlyd alcohol containing 1 % HCl, 
even on heating to 100° in a sealed tube. It gives a positive napiitlioresorciiiol 
reaction and titrates as a lactone with alkali. The facts that its aqueous solution 
decolorises permanganate immediately and bromine water a little more gradually 
were taken to indicate the presence of a double bond. Several analyses for C and 
H were carried out and although the analytical figures did not agree wfith those 
calculated for trimethylglucurone, CgHj^Os, they were consistent between them- 
selves and indicated a compound with tw^o hydrogen atoms less, CgHigOe . This 
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forniiila can be accommodated by a trimethylglncurone structure minus two 
hydrogen atoms. The following structure, A, is tentatively advanced, and it is 
suggested that this compound be called trimethylglucuralone on analogy with 
the glucals. A double bond is introduced to account for its action on perman- 
ganate and bromine water. This suggestion is supported by the fact that the 
introduction of an unsaturated linkage into a compound causes a marked 
change in optical rotation [cf. Stewart, 1919] and properties {e.g. rotation, 
trimetliylglucurone + 197*5°; trimethjdgluciiralone -f 110*8°; m.p. 132 and 88° 
respectively). This double bond could be in positions 1 : 2, 2 : 3, 3 : 4, 4 : 5 as shown 
by the structures A, B, G and D. 


ioMe 
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CHOMe 
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CHOMe 

1 1 

CHOMe 
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II 

COMe 
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If the compound has a double bond in the position indicated by the structure 
B, C or D, then, since carbon atom 1 in each of these structures possesses the 
iniitarotating groups OMe and H, mutarotation might be expected on heating 
the compound with acid methyl alcohol. Beference to structure A will show 
the H atom of the first carbon atom to be absent, making mutarotation in this 
case impossible. Under the conditions already specified trimethylglucuralone 
shows no mutarotation, and therefore of the four structures A appears most 
probable and is tentatively adopted here. The introduction of a 1 : 2 double bond 
into a sugar derivative in the course of methylation is ascribed to the mild oxidising 
action of silver oxide. 

The residual syrup. The main product of the methylation of glucuroiie was a 
yellow syrup which, after separation of the cr^T'stalline material, possessed a 
methoxyl value of 46-47 % . This s^nup on further methylation gave a product 
of metliox 3 d value approaching the theoretical value (58*7 %) for a full^^ 
methylated gliiciironic acid. Three specimens of the further methylated syrup, 
irrespective of whether trimethylglncurone or trimeth^dgiii cur alone had been 
isolated, showed rotations of -r .30° in water and had refractive indices, 
T4461, 1*4465 and 1*4679. The first two values for the refractive 

index agree with that for the a- and ^-mixture of trimeth^dmethylgiiicuronide 
methyl ester obtained by the action of sulphuric acid in methyl alcohol on tri- 
iTieth 5 dbor.n 3 igluciironide methyl ester [Pryde and Williams, 1933, 2], namely 
1*4469. This s^niip was j)robably predominant^ the ^-isomeride of trimethyi- 
methylglucuronide iiietli}?-! ester, but it was not further investigated. 

Expeeimektal. 

The preparation of d-glucurone. Bormd glucuronide, isolated from the urine 
of dogs fed with borneol, was hj^drolysed according to the method of Quick [1927]. 
The resulting mixture of glucuronic acid and its lactone was dissolved in glacial 
acetic acid (Quick). The crystals which separated on standing were brown in 
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colour and were recrystallised from water, decolorising with cliarcoal; m.p. 177 - 
178 °; [oL\mi + water (c == 0-59). 

Pre 2 Mration of glnmrone directly from bornylglucuronide mid free from glucu- 
ronic acid. Quick’s method does not give good yields when gliiciirone free from 
glucuronic acid is required. To attain this, 30 g. of bornylglucuronide were 
hydiolysed with 600 cc. of 0-2 A H2SO4 by boiling for 4 hours. The solution was 
set aside to cool and the borneol recovered by filtration. The filtrate was treated 
with sufficient baryta solution to remove the H2SO4 quantitatively. The exact 
removal of H2SO4 is important since small residual quantities of this acid lower 
the yield of glucurone considerably. After standing for a short time the solution 
was filtered and concentrated in vacuo at 40° to a syrup. The syrup was taken up 
in the smallest quantity of wmter possible and sufficient alcohol was added to 
induce an incipient precipitation. The crystals formed on keeping hi a refrigerator 
were filtered off and dried. The mother-liquors were put through the same 
sequence of operations and a further crop of glucurone obtained. The jfield was 
9-10 g.; M.P. 177-178°; + waiter (r = l-33); [a]/, calc. -f 18°. In 

this way pure specimens of glucurone can be obtained without further re- 
crystallisation. 

The metliylation of d-glucurone. Isolation of trimetliylgkicurone and trimethyl- 
glucuralone. A typical methylation w^as carried out as follows. Glucurone w^as 
methylated with excess Mel and AggO, usmg MeOH as an extraneous solvent in 
the initial stages of the methjdation. Each methylation was carried out for 
8 hours and extraction of the products was performed wdth methyl alcohol and 
finally with dry ether. After 3 (sometimes 2) methylations, crystals were isolated 
in a yield of 25 % of the glucurone used. The residue after concentration of the 
extracts consisted of a mass of ciystals embedded in a syrupy matrix. By 
shaking this syrupy mass with cold ether, the syrup dissolved leaving the 
crystalline material. The latter was recrystallised from ether containing a little 
methyl alcohol and dried in a desiccator. 

In three cases out of seven the crystals were trimethylgluciirone, m.p. 131-132° 
(needles) ; H- 197*5° in w^ater [c = 0*76). Found C, 49*6 ; H, 6-5 ; OMe, 42*4 % ; 

requires C, 49*5 ; H, 6*5 ; OMe, 42*7 % . 15*28 mg. of the lactone recpihed 
4*75 cc. of A/70 NaOH; calculated for C9 Hi 406, 4*8 cc. 

Trimethylglucurone (0*0467 g.) w^as dissolved hi 10 cc. of methyl alcohol 
containing 1 % HCl and the change in rotation observed polarimetrically at 
constant temperature (20°). The initial rotation wus -f 197° (after 5 mins.) 
falling to + 43*5 in 190 mins. The fall in rotation followed the equation for 
reactions of the first order and therefore was due to mutarotation. The solution 
was then heated for 2 hours m a sealed tube at 100° to secure a constant equili- 
brium value, which was found to be + 10*7°. 

Trimethylglucurone did not decolorise permanganate solution or bromine 
water. 

In the other four cases the crystalline solid was trimetliylgiucuraloiie ; 
M.p. 88°; 4- 110*8° in water (c = 0*63). Found C, 50*2, 50*0, 49*9, 50*2, 

50*15; H, 5*6, 5*8, 5*7, 5*6, 5*65; OMe, 43*4 % . C9H1A requires C, 50*0; H, 5*6; 
OMe, 43*1 %. 48*7 mg. of trimethylglucuralone required 3*3 cc. of 0*0620^" 
NaOH ; C^HigOg reqiihes 3*5 cc. 

Trimethylglucuralone (0*0346 g.) was dissolved in 10 cc. of methyl alcohol 
containing 1 % HCl and the rotation observed. The initial rotation was 
+ 119° and after 18*25 hours the rotation was unchanged. The solution 
was then heated in a sealed tube for 4 hours at 100° and the rotation still 
remained practically unchanged, being [a]:46i + 107°. Trimethylglucuralone in 
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aqueous solution decolorised permanganate solution immediately, wliile bromine 
water -was decolorised gradually. 

The residual syru'j). On extracting with ether the mass of crystals and syrup 
obtained from the inethylation of glucurone and evaporating the extract to 
dryness a yellow neutral syrup was obtained in a yield of 75 % of the glucurone 
methylated (found, average for six specimens, OMe, 46-47 %). These syrups 
were then subjected to further inethylation with silver oxide and methyl iodide. 
After three further methylations, the S 5 rrups were recovered by ether extraction. 
After evaporating the solvent the resulting syrupy product was distilled in a 
high vacuum (found, on three specimens, OMe, 53*4, 54*7, 57*35 %; calculated 
for a fully methylated glucuronic acid C 11 II 20 O 7 , OMe, 58-7 %); rotations 
+ 29*6'", + 30*45°, + 30*5° in 20 % aqueous alcohol; refractive indices, 

i*4465, 'Ydjy 1*4461, and w^f 1*4679. The data given for this syrup are quoted 
with reserve since it has not been prepared in a satisfactorily pure state ; it is 
probably 2:3:4-trimethyl-^-methyl-(i-glucuronide methyl ester, CnHgoO^. 

Summary. 

A method is given whereby glucurone free from glucuronic acid can be 
prepared directly by h^^drolysis of bornylglucuronide obtained from the urine of 
dogs fed on boriieol. Methylation of glucurone vdth sHver oxide and methyl 
iodide gives two crystalline solids, trimethylglucurone and an unsaturated 
derivative, trimethylglucuralone. Structures for both these compounds are 
tentatively suggested. The main bulk of the glucurone undergoes more extensive 
methylation ovdng to the opening of the lactone ring. 

The expenses of this research were in part defrayed by the Medical Research 
Council and one of us (R. T. W.) is indebted to the Council for a whole-time 
assistance grant. 
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Mitch attention lias been paid to the detoxication of aromatic acids of the 
benzoic acid type in the animal body, but all the earlier workers failed to recognise 
the part played by glucuronic acid in this process, and attention was centred on 
the problem of the conjugation of these acids with glycine and their subsequent 
excretion as hippiiric acids. There is now no doubt that glucuronic acid pla3^s a 
very important role in the detoxication of aromatic acids, especialR when, after 
the administration of large doses of the toxic acid, the preformed glycine of the 
body has become exhausted. The detoxication of compounds of the benzoic acid 
type has been the subject of detailed study b^^ Quick [1926, 1 ; 1928, 1,2; 1931 ; 
1932, 1, 2, 3, 4]. 

The various conjugated glucuronic acids may be divided into three types. 

(1) Conjugated glucuronic acids of the glycoside- ‘‘ether” type, such as 
bornjdgluctiroiiide, I [cf. Pryde and Williams, 1933], in which the non-sugar 
residue is attached to the reducing group of glucuronic acid by means of a true 
glycoside link : 

I 

(CH0H)3 o 
HC ! 

GOGH 

I. 


Gliicuronides of this t^qpe are non -reducing, 

(2) Conjugated glucuronic acids of the glycoside- “ester” type, such as 
benzoylgliicuronide, II (benzoylglucuronic acid), in which the benzoyl radical is 
attached to the reducing carbon of glucuronic acid. This linkage is unstable to 
hydrolytic reagents and these giucuronides are reducing. 


C^Hs.CO.O.CH 


(CH0H)3 0 

HC 1 

I 

GOGH 

II. 


(3) Conjugated glucuronic acids containing two glucuronic acid molecules, 
one attached to the non-sugar residue by a glycoside- “ether” linkage as in 
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type (1) and the other attached an ‘‘ester’’ link as in tj'pe (2) ; the j^-hydroxj^- 
beiizoic acid-digliiciironie acid, III, described by Quick [1932, 3] is an example 
of this type : 

I 0— CcH, . CO— 0\ 


CH 

(CH0H)3 

I 

HC 


COOIi 


III, 


CH- 


(CH0H)3 


HG- 

I 


COOH 


■ Beiizoylgliiciironic acid was first isolated as the sodium and stiyclinine salts 
by Magiius-Levy [1907], and he assigned to it the constitution of a 1-benzoyl- 
glucuroiiide, IV. The free acid was, however, prepared for the first time by 
Quick [1926, 2] from the urine of dogs fed with benzoic acid, but no analytical 
data other than titrations were given. Oving to the fact that this acid is very 
unstable to hydrolytic reagents, especially alkali, it reduces Fehling’s solution 
and other alkaline sugar reagents. Quick, therefore, su]_ 3 posed it to be a 2- 
benzoyigluouronic acid, V, wiiicli would possess a free reducing (potential) 
aldehyde group. Various considerations led us to doubt the correctness of 
this view and to support the original structure suggested by Magnus-Levy 
(using the new amylene-oxidic ring instead of the original butylene- oxidic ring). 

1 0 1 


(CHOH)o 0 

I ' 1 

HC 

I 

COOH 


IT. 


HCO.CO.CeHg 

HOCH 

I 

HC— 


HCOH 

COOH 


V. 


In the first place, on scrutinising the published data concerning glycosides 

containing a 1 -benzoyl radical, it is found that all these gtycoside- esters 
reduce Feliliiig’s solution, ovfing to the ease of hydrolysis of the beiizojd group 
ill the presence of alkali. The data are tabulated below (Table I). 

Table I, Glycosides containing a 1-benzoyl radical, which reduce 
Fehling's solution. 


Compoiiiicl 

1 -Benzoyl-4 : 6-benzYlideneglucose 
1:2: 3-Tribenzoyl-4 : 6-benzylideneglucose 
1:2: 3-Tribeiizoylglucose 
1:2: 3-Tribenzoyldiacetyiglucose 
1:2:3: 4-Tetrabenzoylgl'acose 
1:2:3: 4-Tetrabenzo3dmonoacetylglucose 
1:3:4: 5-Tetrabenzoylfructose 
1 : 3 : 4 : 5 : 6-Pentabehzoylfractose 


iluthority 

Zervas [1931f 
Brigl and Griiner [1932] 


Brigl and Schinle [1933] 


Tlie reducing properties of this compound were not mentioned by Zervas but it was pre- 
pared by us by Zervas’s method and found to be reducing. 


1212 


J. PRYDE AND R. T. WILLIAMS 


It is also found that certain nitrogenous glycosides, such as the amino- 
acid- ' and the amino-acid ester-glycosides [Maurer and Scliiedt, 1932] and 
gliicosidureides [Haring and Johnson, 1933] reduce Feliling’s solution owing to 
hydrolysis in the |)resence of allcah. 

Secondly, an examination of the optical rotations of /3-d-giucosides and the 
corresponding /?-d-glucuronides shows these to be roughly of the same order. 
This obseiwation accords with the expectation that the change of — CHgOH 
to — COOH should have but a small influence on the rotation. Table II gives 
all the data available on this point and it will be noted that benzoylglucuroiiic 
acid and l-benzoyl-_i8-d-glu coside [Zervas, 1931] fall in line with the others, thus 
giving further evidence for the 1 -benzoyl-structure of benzoylglucuroiiic acid. 

Table II, Eotations mid melting -looints of d-glucosides 
and corresponding d-glncuronides. 


^^-Glvcoside t^Gliieuronide 


Compound 

r 

Mjj 

A 

Solvent 

^ 

M.P. 



A 

Solvent 

M.P. 

(1) /3-Benzoyl 

-26-8° 

Water 

193° 

(8) 

- 25-3° 

Water 

183° 

(2) /3- Phenyl 

-71*7 

W^ater 

176 

(9) 

- 82 

Water 

151 

(3) ^-rl-Bornyl 

-42-4 

Alcohol 

135 

(10) 

- 37* 

Water 

174 

(4) /S-/-Bornyl 

-60-1 

Alcohol 

— 

(11) 

~ 66-6 

Water 

— 

(5) /S-/-Menthyl 

-93-6 

Alcohol 

76 

(12) 

- 104-6 

Alcohol 

110 

(5) a-^Menthyl 

+ 64 

Alcohol 

160 

(13) 

+ 52 

Alcohol 

130 

( 6) /S- Phlorogliicinyl 

-74-8 

Water 

239 

(14) 

- 80- St 

M'ater 

— 

(7) Urea 

-234 

Water 

207 

(15) 

- 21-2:|: 

A'Fater 

— 


* Rotation of sodium salt, 
t Rotation of potassium salt, 
j Calculated from rotation of barium salt. 

(1) [Zervas, 1931]. (2) [Fischer and Mechel, 1916]. (3) [Fischer and Raske, 1909]. (4) [Hama- 
laienen, 1913]. (5) [Fischer and Bergmann, 1917]. (6) [Fischer and Strauss, 1912]. (7) [ilyiid, 
1926; Fischer, 1914]. (8) This investigation. (9) [Salkowski and Neiiberg, 1906]. (10) [Magrms- 
Levy, 1906]. (11) [Fryde and Williams, unpublished results]. (12) [H. Fischer, 1911], (13) [Berg- 
mann and Wollf, 1923]. (14) [Sera, 1914]. (15) [Neuberg and Memann, 1905]. 

Quick [1926, 2] studied polarimetricaliy the action of NaCN on benzoyl- 
glucuronic acid (c/. Fig. 1) and considered that the observed changes were due 



Time in hours 


Fig. 1. The action of KCN and NaCN on benzoylglucuronic acid, o Quick [1926, 2] for NaCN;- 
X Present investigation with KCN. 

to iiiutarotation {i,e. of a 2-benzoylglucuronide) and the formation of a cyano- 
hydrin of benzoylglucuronic acid, B (p. 1213). We have obtained similar results 
using KCN, but owing to the instability of the benzoyl group in the presence of 
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cyanide, a quite different interpretation is necessary. The alkalinity of the cyanide 
causes hydrolytic fission of the benzoyl radical and miitarotation and formation 
of the cyanohydrin of gliiciironic acid,d (not benzoylglucnronic acid) follows. This 
view is supported the fact that free benzoic acid was isolated when a solution 
of benzoylglucnronic acid and KCY was allowed to stand for 24 hours, and 
benzoylglucnronic acid does not react with HCN without sphttiiig off benzoic 
acid. Since more than one molecule of cyanide [cf. Quick, 1926, 2] is required to 
react completely with one molecule of benzoylglucnronic acid, it is evident that 
some cyanide is used in li^^drolysis. 

CeHsCO.O.CH -j HOCH 

(CH0H)3 0 + 2 ICCN + H30= (CH0H)3 O + C0H5COOK+2HCN 
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x4ttempts to methylate benzoylglucnronic acid with Ag20 and Mel, or with 
diazometliane failed, since the compound was hydrolysed during methjdation and 
the benzoyl group was split oft and formed methyl benzoate. 

Improvements w’^ere effected in Quick’s method [1926, 2] of preparing benzoyl- 
glucuronic acid, and a purer specimen of the acid was obtained, m.p. 183*^ (Quick 
quotes M.P. 170-172°). 

Experimental. 

The pre^amtion and purification of henzoylglucuronic acid, 

Benzoylglucuronic acid was prepared by Magnus-Levy [1907] as the strych- 
nine and sodium salts from the urine of a sheep fed on sodium benzoate, while 
Quick [1926, 2] prepared the free acid from the urine of dogs similarly fed. In 
the present work 5 g. of benzoic acid were fed daily to each of several small 
dogs, the acid being contained in small gelatin capsules which were given with 
meat. The urines were collected every 24 hours and preserved with toluene. The 
urines w^ere acid in reaction (pjj 3—4) and were laevorotatory. They were worked 
up ever 3 ^ 3 days as follows. All reagents were kept cold in the refrigerator. The 
urine, after addition of a little acetic acid, was precipitated exactty with normal 
lead acetate and filtered. The filtrate was brought to p^ 6-7 with cold dilute 
ammonia and then precipitated with ice-cold saturated basic lead acetate. The 
precipitate was filtered immediately on a large Buchner funnel under suction 
and washed several times with ice-water. The precipitate was made into a thin 
paste with ice- water and decomposed with H 2 S, and the lead sulphide filtered off 
through Seitz ‘‘Brilliant” asbestos. The filtrate was again treated with H 2 S 
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to ensure complete removal of lead, which interferes with the successful crystal- 
lisation of benzoylgluctironic acid. The clear filtrate was aerated to remove 
HgS and concentrated in vacuo until crystallisation of hippuric acid set in. The 
solution was then allowed to stand and the hippuric acid filtered off. At this 
point the filtrate was shaken with an equal volume of chloroform. The ciiloroforiii 
layer became red owing to extraction of pigments and also dissolved any free 
benzoic acid (which may be separated on evaporation of the chloroform). After 
separation of the chloroform layer, the aqueous layer generally deposited crystals 
immediately, and the crystallisation was completed in the refrigerator. The 
crude benzoylglueuronic acid was filtered off and recrystallised from a little 
hot water (decolorising with norite charcoal) and dried in a desiccator over 
CaCia. The dried acid still contained hippuric acid and possessed a slight yellow 
colour. It was now pulverised (5 g.) and shaken up vitli ether (200 cc.). The 
ether was renewed three times in 24 hours ; each time the acid was shaken with ether 
and allowed to stand until the ether was renewed. The product still contained 
traces of hippuric acid and was dissolved in a little methyl alcohol and the 
solution decolorised with norite. The filtered methyl alcohol solution was then 
precipitated vdth 20 times its volume of dry ether and the whole allowed to 
stand ill the refrigerator to complete the crystallisation of the precipitated 
benzoylglueuronic acid, which crystalMsed gradually but completely from the 
solution in aggregates of short, stout, radiating needles, colourless and free from 
traces of hippuric acid which was retained in the ether. The ether was decanted 
and the ciystals dried. 

They had m.p. 183°; - 29-9° m water (c = 1*639); 1 >]d — 25*3°; yield 

5 g. from 36 g. benzoic acid fed. The acid is soluble in metliyl and ethyl alcohols 
and water, slightly soluble in ethyl acetate and insoluble in ether and chloroform. 
Found, C, 52*2; H, 4*85 %; requires C, 52-3; H, 4*7 % . 


The action of KCN on benzoylgliicuronio acid. 

0*25 g. of benzoylglueuronic acid was dissolved in an aqueous solution of 
potassium cyanide. The solution was clear initially, but after about 1 min. be- 
came opalescent and then cleared up again. The whole was allowed to stand with 
an equal volume of chloroform in a corked flask for 24 hours at room temperature. 
A similar solution w^as made up omitting the cyanide. The chloroform layer was 
then separated and evaporated at low temperature m vacuo. A crystalline 
residue was obtained in the case where KCN was added but no residue was 
obtained in the other case. The crystalline residue consisted of typical platelets 
of benzoic acid (m.p. 117° on recrystallisatioii from ether) and gave all the 
quahtative tests for this acid. It is probable that the greater proj)ortioii of the 
benzoic acid was converted into potassium benzoate. Similar experiments were 
made using NaliCOg instead of KCN but no free benzoic acid was obtained, 
since it was probably converted enthely into sodium benzoate. 

The action of KCN was also followed polarimetrically ; 0*1312 g. of benzoyl- 
glucuronic acid was dissolved m 10 cc. of water, and 7 cc. of the solution were 
mixed with 2 cc. of a solution of KCN (0*1405 g. in 10 cc.) and the change in 
rotation observed polarimetrically. The results are given in Fig. 1, which also 
gives the data of Quick [1926, 2] for the action of NaCN. 

Summary. 

Conjugated glucuronic acids can be divided into three t^^pes ; the gtycoside- 
“ ether’’ type, the glycoside- ‘"’ester” type and a third type which is a combination 
of the first and second types. Benzoylglueuronic acid (a glycoside- ‘‘ester” 
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derivative) lias been prepared in a state of purity, and full analytical data are 
recorded for tiie first time. Like all glycosides containing a 1 -benzoyl radical, 
benzoylglucuroiiic acid reduces sugar reagents owing to the ease of hydrolysis 
of the beiizo^d radical. A studjr of the action of KCN on benzoylgiucuronic 
acid, and certain other theoretical considei'ations, suggest that it is a 1 -benzoyl 
derivative of giuciiroiiic acid, and not a 2-benzoyl derivative. Attempts to 
methylate it wdth methyl iodide and silver oxide and with diazom ethane failed 
since the beiizo^d group is very unstable and is split ofi as methyl benzoate. 

The expenses of this research w^ere in part defrayed by the Medical Research 
Council, and one of us (R. T. W.) is indebted to the Councir for a whole-time 
assistance grant. 
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From the Biochemical DepartmeJit, Lister histitiite, London, 

{Received June 20th, 1933.) 

The assay of posterior pituitary extracts for oxjrtocic activity by the giiiiiea-pig 
uterus method necessitates the use of carefully segregated, young, virgin guinea- 
pigs, of which the weights lie between relatively close limits. It is well known 
that in spite of every care and precaution the uterine horns of some apparent^ 
suitable guinea-pigs prove unsatisfactory for makhig the assay. From these 
and other considerations, it is desirable to record any procedure which reduces 
the wastage of potentially suitable animals. 

It is not generally reaHsed that uterine horns may be preserved in Ringer 
solution. From the experience of the many oxytocic a.ssa^^’s which have been 
made in this laboratory during the past 18 months it is now the practice to 
remove both horns from every guinea-pig and to place them separately in 
plugged, sterile test-tubes containing Ringer solution (5-10 cc.) of the same 
composition as is used in the testmg-bath (for composition, 
see Burn [1928]). The tubes are then placed in the cold store 
at 0-1° until the horn is to be used. It has not been customary 
to allow horns to remain at 0° for longer than 30 hours, although 
occasionally satisfactory contractions have been obtained with 
older preparations. During the assay horns treated as described 
above completely resemble those which are placed m the bath 
immediately after their removal from the animal. 

By following this procedure both horns of every suitable 
guinea-pig may be utilised when only one testing bath is in use. 

The saving in animals is obvious. 

The following modification of the standard apparatus 
[Burn and Dale, 1922; Burn, 1928] simplifies the assay of 
oxytocic activity. The outlet of the bath is joined by a sleeve 
of rubber tubing (see Fig. 1) to a twm-w^ay glass tap; one limb 
of this (B) can be closed by a pinch- clip and is also fitted with 
a side-tube (C) as close to the barrel of the tap as possible. 

Warm Ringer solution from the reservoh enters at {G) by a siphon which has 
neither tap nor pinch-clip. 

The following sequence is observed for each contraction. (1) The bath is 
emptied through the outlet (A), and simultaneous!}^ the siphon from the 
reservoir is flushed out with warm Ringer solution by opening the pinch- clp ; 
(2) the pinch-clip being closed, the bath is filled by turning the barrel of the glass 
tap through 180°, and then through 90° to close the tap. 
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CLXV. THE OXYTOCIC HORMONE OF 
THE POSTERIOR LOBE OF THE 
PITUITARY GLAND. 

11. THE ACTION OF NITROUS ACID AND 
NITRIC ACID. 

By JOHN MASSON GULLAND. 

From the Biochemical Department, Lister Institute, London. 

{Received June 27th, 1933.) 

It has frequently been recorded that the addition of a base-precipitating reagent 
to a crude or partially purified pituitarj^ extract removed the oxj^^tocic hornioiie 
in association with the precipitates formed by organic bases (possibly proteoses 
or peptones [Ahel and Pincofis, 1917]). This fact led to the view that the hormone 
itself is a base, till Dudley [1923] drew attention to the unsatisfactory character 
of this evidence in view of the ease with which the hormone is absorbed b}^ 
various precipitates. 

The apparent destruction of oxytocic activity by proteolytic eiiz3nnes such 
as trypsin and papain, which occurs when preparations of these enzymes act 
on the hormone [Dudley, 1919; Dale and Dudley, 1921 ; Thorpe, 1926; Freiiden- 
berg et al, 1932] has been regarded as indicative of a peptide structure. Poly- 
peptides which occur naturally usually contain free amino- or basic imino- 
groups. 

Thus, although the evidence for the presence of a basic group was indecisive, 
it was desirable to study the behaviour of the hormone with nitrous acid. 
Hitherto, apart from sodium hydroxide and hydrochloric acid, chemical reagents 
have not been used with the deliberate intention of destroying the ox^^tocic 
substance, and the suitabilit37- of nitrous acid for these pioneer experiments was 
enhanced by the ease mth which it can be estimated and by the fact that it maj^ ' 
be emploj^ed at the h^^drogen ion concentration at which the hormone is most 
stable [Adams, 1917 ; Gaddum, 1930], 

Preliminary experiments with a weak commercial posterior lobe extract (10 
international oxytocic units per cc.) showed that the oxjdocic activity was lowered 
to about 20 % of its initial value by treatment with nitrous acid at Pjj 3 for 
about 30 hours. It was evident that the true significance of the interaction with 
nitrous acid could only be assessed by following the progressive fall in ph^^sio- 
logical activity wnth the passage of time. Moreover, it 'was necessary for the 
following practical reasons to use preparations of the hormone in which high 
ox^rtocic activity was associated with small amounts of organic soHds in con- 
centrated solution [GuUand and Newton, 1932]: sodium nitrite in concentrations 
greater than a certain value wmuld have an effect on the isolated uterus during 
the assay ; inactive glandular material would potential^ exhaust the suppty of 
nitrous acid unnecessarily and might necessitate the presence in the testing 
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batli of excessive quantities of salts (hypertonic solutions) ; the oxytocic value 
might fall to much less than 20 % of its initial value. 

Ill Exps. 1 and 2 an initially large excess of nitrous acid was permitted to 
react with a hormone preparation in ice-cold acetate buffer at 3. Samples 
were brought to 7*4 after withdrawal, in order to arrest the action of nitrous 
acid; and were then preserved at 0° for the oxytocic assay. Samples mentioned 
ill this paper were assayed by the degree of contraction they produced in the 
isolated uterus of the guinea-pig, the method followed being that of Dale and 
Laidlaw [1912] as modified by Burn and Dale [1922] and Biirn [1928]. The 
method of grouping the contractions illustrated in a previous communication 
[Gullaiid and Newton, 1932] was adopted in every case, except in Exp. 3 as 
stated. 

In the first experiment (Fig. 1) the oxytocic activity had fallen to 32 % of 
its initial value in the course of 3 minutes, the point at which the first sample was 
taken. Thereafter it slowly diminished to 16-18 % at 48 hours and remained 



Fig. 1. 



Fig. 2. 


constant at that strength (Table I). An estimation of nitrous acid made at 
48 hours showed that only 6 % of the original amount remained. Two ex- 
planations of these results are therefore possible; nitrous acid may have a dual 
effect on the hormone, or, alternatively, its action may reduce the potency to 
18 %, the flattening of the curve being the combined results of progressive 
diminution of active substance and of reagent. 

In the second experiment (Fig. 2), which was designed to distinguish between 
these alternatives, a large excess of nitrous acid was again used, but in this case 
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its concentration was maintained relatively Mgli by tlie replacement withi fresh 
nitrite solution of the volumes removed for assay. Both residual oxytocic 
activities and concentrations of nitrous acid were estimated throughout the 
reaction (Table II). In the course of 1 minute the activity fell to 37 % of its 
initial value and after 15’ minutes was stiU 34 % . It is important to note that 
no significant diminution of the large excess of nitrous acid had occurred even 
after 25 minutes had elapsed from zero. 

After a 3-hour period of less violent inactivation the rate of destruction then 
decreased markedly, and the oxytocic activity remained almost constant for 
8 hours (falling from 22 to 19 % between 3|- and 11| hours). During the first 
12 hours of the experiment the nitrous acid diminished steadily, but at that 
point its concentration was still 2*1 mg. per cc., the ratio of the weights of solid 
associated mth the hormone and of nitrous acid being 1 : 26. It is evident therefore 
that the markedly decreased inactivation amounting almost to stabilisation of 
physiological value, which occurred between and 11-| hours, had taken place 
in presence of a considerable excess of nitrous acid. 

The fiddition at 12 hours of nitrite solution, sufficient to restore the con- 
centration of nitrous acid to more than its initial value, then produced a renewed 
increase in the rate of oxytocic inactivation. This increased rate was not main- 
tained, however, and during the latter half of the experiment the oxytocic 
activity fell slowly but steadily whilst the concentration of nitrous acid was 
twice restored almost to its original value. This experiment wurs not prolonged to 
include activities of less than 2 % (see, however, Exp. 3). 

It will be observed that although it has not been possible to maintain the 
concentration of nitrous acid at a uniform value during Exp. 2, the average 
(about 4 mg. per cc.) is a large excess as compared with the w^eiglit of glandular 
solid (0-08 mg. per cc. at the beginning of the experiment), of which only a small 
part can possess oxytocic properties. The apparently large utilisation of nitrous 
acid during the experiment is undoubtedly the result of that decomposition of 
nitrous acid which occurs in aqueous solutions when exposed to air [Eay et al.^ 
1917 ; Klemenc and Poliak, 1922; Taylor et al., 1927]. 

In a subsequent experiment (Exp. 3) in which the nitrous acid was renewed 
repeatedly during a week the oxytocic strength was 0T5-0-2 % after 2 days and 
about 0*1 % after 7 days. It is difficult to assay accurately such feebly active 
solutions, and almost impossible to do so when, as is the case here, salts are 
present in quantities sufficient to upset the isotonioity of the fluid in the testing 
bath. These values are therefore based on a direct comparison of the heights of 
contractions evoked by a few selected doses of the experimental solution and 
standard. It is evident that even after prolonged treatment wdtli nitrous acid 
the decomposition products of the hormone still retain an oxytocic effect, wdiicli, 
although small as compared with that due to the hormone itself, is by no means 
inconsiderable. The solid present in a dose used in the assa}^ of Exp. 3 produced 
a 60 % contraction at a dilution of 1 in 30,000 in the testing bath ; moreover, 
the preparation used in this experiment contained only 45 % of the activity of 
the ‘most potent preparation of Gulland and Newffon [1932], wdiich itself was 
undoubtedly far from being pure hormone. Clearly, therefore, the active sub- 
stance resulting from the prolonged destructive action of nitrous acid could, if 
obtained pure, exert an oxytocic effect at a great dilution. It is possible, liow^ever, 
that this substance is present in the original pituitary solution and that it is not 
a decomposition product of the hormone. 

An explanation of the results of Exps. 1, 2 and 3 may be sought by con- 
sidering them from three aspects; of these, the first only is acceptable. 
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( 1 ) Nitrous acid and tlie products of its oxidation or decomposition may have 
a triple action on the hormone molecuie. The first attack is very rapid and 
produces a substance having an activity equivalent to about 35 % of that of the 
iioriiione; the second reaction is less rapid, apparently proceeds in presence of 
relatively small concentrations of nitrous acid as compared with the third 
reaction and produces a substance havmg an activity of - about 20 % of that 
of the liorinoiie ; the third reaction is slow, requhes a large excess of nitrous acid 
and reduces the activity to about 0*1 % of that of the hormone. These reactions 
would presumably occur concurrent^. The differentiation between the second 
and third reactions is not quite sharp from these results, but it is also supported 
by the results of Exp. 4 (below^), and is confirmed in Exps. 5 and 6. 

(2) Nitrous acid may have one action on the hormone, reducing the oxytocic 
activity to a fraction (less than 1 %) of its initial value. In this case there ivould 
be two variables, viz, the concentrations of nitrous acid and of oxytocic sub- 
stance, and since the concentration of nitrous acid remains high and relatively 
constant over the early part of Exp. 2, the oxytocic value should have become 
very small in (say) 5 minutes. In fact, however, it is still 34 % after 25 minutes 
have elapsed from zero, and this explanation is therefore invalid. 

(3) Nitrous acid may have one action only, which reduces the oxytocic value 
to 20 % . The residual fall in activity, as shown for example in Eig. 2, would then 
be due to decomposition of the product at pjj 3 in the experimental solution 
irrespective of the presence of nitrous acid, or at 74 in the samples. The 
PH“Stability of the oxytocic substances in samples from Exp. 1 has been tested. 
The samples taken at 1 hour (30 % activity) and at 48 hours (16-18 %) were 
both unchanged in activity after remaining at pg- 74 for a week. A sample 
taken at 48 hours was stable at pjg- 3 for 12 da^^s. 

The alternative explanations involving a single action of nitrous acid are 
thus untenable, and it is concluded that the hormone undergoes three trans- 
formations during the action of nitrous acid. The possibility has not been over- 
looked that facile contraction of the uterus is only evoked by two or more 
hormones acting in unison and that these are destroyed at different rates by 
nitrous acid. This explanation seems improbable, and the simpler alternative 
is preferable as a basis for further investigations. 

An attempt w^as made (Exp. 4) to study the pjg-stability of the first product 
(35 % activity) of the action of nitrous acid by destroying the reagent with an 
excess of gljT'cine at 37°. The desired end was not attained, since the increased 
temperature naturally hastened the inactivation of the hormone by nitrous acid 
or the products of its decomposition as well as the destruction of nitrous acid by 
glycine; by the time that the concentration of nitrous acid had become ex- 
tremely small, the oxjdocic activity had decreased to 20 % . It is, however, 
noteworthy that this value also represents the state of activit}^ in Exps. 1 and 2 
when nitrous acid is present in small, but definite, amounts. As already men- 
tioned, this supports the existence of three reactions betw^een the hormone and 
nitrous acid or its decomposition products. 

It was clear that the chief barrier to a complete differentiation of these three 
reactions was the variable concentration of nitrous acid in Exps. 1 and 2. An 
experiment w^as therefore carried out (Exp. 5), in which the hormone in acetate 
buffer at pg- 3 was subjected for 30 hours to the action of nitrous acid at con- 
centrations which fluctuated only between 14 and 1*6 mg. per cc. (Fig. 3). The 
concentration of nitrous acid was estimated at approximately hourly intervals, 
the loss through decomposition being made up by the addition of sodium nitrite 
'solution; samples were withdrawn for oxytocic assay at appropriate times. This 
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experiment thus represents the closest practicable realisation of a study of the 
inactivation of the hormone in presence of a constant concentration of nitrous 
acid. Here, as in the previous experiments, the hormone suffered an extremely 
rapid inactivation during the first few minutes, and in the course of about 
40 minutes the activity had decreased to about 3o % ol its initial value. There- 
after the inactivation proceeded slowty throughout the experiment, and the 



Fig. 3. 


oxytocic value was still 22 % after 30 hours. This experiment, considered in 
conjunction with those described above, demonstrated conclusively that two 
reactions are needed to reduce the oxytocic value to 20 % and makes it probable 
that the second of these (causing a fall from 35 to 20 %) is not the same as the 
slow reaction (20 to 0-1 %) observed in Exp. 2. 

The sole factor which has not been considered is the action of the decom- 
position products of nitrous acid. It is generally accepted that in contact with 
air there is a certain amount of oxidation accompanied by the reaction 
SHNOa -> HNOg + 2N‘0 -f- HgO [Montemartini, 1890]. The ultimate products of 
the oxidation of nitric oxide by air in presence of water are nitrous and nitric 
acids, so that the decomposition product of nitrous acid which is lil^ety to be of 
importance in the present instance is nitric acid. The oxytocic activity falls to an 
estimated value of about 90 % when the hormone is acted on at 0° by a solution 
of sodium nitrate at ^ (Exp. 6). The technique used in the nitrous acid 
experiments was adopted here, and the assay is complicated by the instability 
at pjj 7*2 of the product of this reaction and its consequent destruction in the 
samples. Two important points emerge from this experiment. 

In the first place, the 42-hour sample contauied more of the unstable product 
of the reaction than did the 22-hoiir sample, because its inactivation at pjj 7-2 
was very much greater in a shorter time. Secondly, the product of the action of 
nitric acid is not the same as the first, rapidly formed product of the action of 
nitrous acid, because in Exp. 1 the sample coiitaiiiing the latter substance was 
assayed immediately and the activity remained unchanged for a week at p-g 7*4. 
This excludes the possibility that the inactivation at the hegiiining of Exp. 6 is 
due to small amounts of nitrous acid formed by the reduction of nitric acid by 
the hormone or by inactive glandular material. 

The activity of the 88-hour sample in Exp. 6 appears to be lower than might 
he expected. If this is so, it may be due to pg-instability of the sample or to 
the action of traces of nitrous acid formed by the reduction of nitric acid. For 
these reasons it would be difficult to ascertain the oxytocic strength of the 
product of the action of nitric acid, but uncertainty as to the true value does not 
affect the present discussion. 
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From tlie latter part of Exp. 6 it was ascertained which of the three successive 
inactivations of the hormone in presence of nitrous acid is due to nitric acid. At 
89 hours solid sodium nitrite was added in amount equivalent to a concentration 
of 2*5 mg. of nitrons acid per cc. of the reaction mixture. It was estimated that 
this amount of nitrous acid would have been sufficient to reduce the activity 
of the hormone to 20-25 % if added directly to its solution. The mixture 
was re-adjusted to pg 3 and preserved at 0°. 70 hours later free nitrous acid 
was still present, and the activity was found by assay to have fallen to 25 % 
of the initial value of Exp. 6. Several days later, when nitrous acid could no 
longer he detected, the activity had become 20 % . If nitric acid is responsible 
for the slow inactivation which occurred, for example, at the end of Exp. 2, 
then the value at the end of Exp. 6 would have been far below 20 % . If nitric 
acid causes the fall in activity from 35 to 20 % (Exps. 1, 2 and 5), then the 
predicted value for the activity at the end of Exp. 6 would have been 20 % . 
Clearly, therefore, the fall from 35 to 20 % is due wholly or in part to the action 
of nitric acid. It is not possible at present to be certain that this phase of the 
inactivation is solely due to nitric acid. It should be noted that the substance 
of 20 % activity in Exp. 6 was stable at 7*2 and 0°. 

The following diagram summarises the decompositions which the hormone 
and its derivatives undergo when nitrous acid is added to its aqueous solution 
at 3 -when exposed to air. It is considered probable that the substance B is 
obtained irrespective of the order in which nitrous and nitric acids react with 
the hormone, in view of the oxytocic value of B when prepared by either route, 
its stability as compared with that of C, and the unavoidable presence of nitric 
acid in a nitrous acid solution after exposure to air. 

Hormone 
(100 %) 

HNOo 1 HNOg 

1 1 

^ ^ g ^ Q 

(35%) ^^3 (20%) (about 90%) 

Stable at pj-j 74 Stable at 74 Unstable at 7*2 

HNOo 1 slow 

D 

( 0-1 %) 

Valuable evidence from the constitutional standpoint may be drawn from 
the fact that the oxytocic activity may be destroyed in stages, or in other words, 
that the nature of the hormone is such that it is possible to prepare a series of 
derivatives which possess the power of contracting smooth muscle. This fact, 
which has not hitherto been demonstrated, forms the starting point for further 
investigations. 

Ill view of the manifold activities of nitrous acid in acetic acid solution, for 
example, its interaction with amines, imines, phenols, amino-alcohols and active 
methylene groups, it is impossible from the available evidence alone to deduce 
the presence of definite structures in the hormone molecule. It will be recalled, 
however, that amino-groups in the a-position to carboxyl groups or peptide 
linkages react rapidly with nitrous acid, whereas the velocity decreases pro- 
gressively as the amino-group is moved away from the carboxyl along a carbon 
chain; thus, Dunn and Schmidt [1922] find that at 5° the a-amino-group of 
alanine reacts about three times more rapidly than does the e-ammo-group of 
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lysine, wliicli in turn surpasses in reactivity the guanidine group of arginine 
[Plimmer, 1924]. An investigation is in progress of the possible presence of such 
groups in the hormone molecule. 

It is to be expected that the action of very dilute nitric acid at 3 would 
be oxidative, and it is hoped to correlate the results now presented mtli those 
derived from a study of the effect of other oxidising agents on the hormone. 


Expehimeotal. 

Exp. 1 (Table I). Cooled sodium nitrite solution (1-0 ce. containing the 
equivalent of 40 mg. of nitrous acid) was added to an ice-cold mixture of distilled 
water (1-0 cc.), acetic acid (3-0 cc. of 94A^) and purified hormone solution 
(3*0 cc., containing 30 units associated with 0*25 mg. of solid). This mixture 
(8*0 cc. at 3) was preserved in ice throughout the experiment. Samples ■ 
(1*0 cc.) were withdrawn, mixed with ice-water and sodium hydroxide (0*45 cc. 
of 33 %), diluted to 10*0 cc. at preserved at 0° and assayed as shown in 

Table I. A control experiment showed that the response of the uterus to doses 
of oxytocic solutions of the strengths used in these tests was unaffected by 
sodium nitrite at a dilution comparable -with that present in the assay of the 


Time 

Oxytocic 

activity 

of' 

Table I. {Exp. 1.) 

Nitrous acid 
by starch 

Stability at pu 7*4 and 
0® % of initial value 

hours 

initial value iodide test 

0-05 

32 

■f 


1 

30 

-f 

30 after 11 days 

2 

32 

+ 

- 

4 

28 

-r 

_ 

7 

— 

-f 

— 


20 


_ 

32 

IS 

“T 

_ 

48 

16 

5*9 % of 

16 after 6 days 

96 


initial value*”** 


288 

IS 

_ 



Colorimetrically by Ilosvay’s reagent [Treadwell, 1922] iising barium nitrite as standard. 


Exp. 2 (Table II). Sodium nitrite solution (5*0 cc., equivalent to 200 mg. of 
nitrous acid) was added to a cooled mixture of water (4*0 cc.), acetic acid (15*0 cc. 
of 9 *4 A) and purified hormone solution (1*0 cc. containing 200 units associated 
with T95 mg. of soMd). This mixture (25*0 cc.) was maintained at 3° during the 
experiment; the reaction remained unchanged at pjj 3. Samples, when mtli- 
drawn, were brought to 7*4 and 10*0 cc. with sodium hydroxide and pre- 
served at 0°. Estimations of nitrous acid were made by means of the Ilosvay 
reagent and dilutions of 0*1 cc. of the mixture. 

Exp. 3. It is unnecessary to describe this experiment in detail. A mixture 
(9*0 cc.) of purified hormone solution (3*0 cc., containmg 900 units), 9*4A^ acetic 
acid (5*0 cc.), and sodium nitrite solution (TO cc., equivalent to 400 mg. of 
nitrous acid) was preserved at 0° for 7 days. Samples for assay were withdrawn 
on the 2nd, 3rd, 5th and 7th days, and sodium nitrite solution was. added on 
six occasions so that the concentration of nitrous acid varied between 14 and 
3*6 mg. per cc. Glacial acetic acid was occasionally added to maiiitam the 
reaction at pg- 3*4~3*5. The essential results are given on p. 1220. 
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Table II. {Ex2^. 2.) 


Time 

Witli- 

dravTi 

Oxytocic 
strength 
as % 
of total 

With- 
drawn 
for esti- 
mation of 

Nitrous 
acid in 
volume 

Nitrous 

acid 

Nitrous 
acid 
added 
(50 mg. 


lirs. 

^ ^ 

for 

initial 

nitrous 

present 

per cc. 

per cc.) 


min. 

assay 

value 

acid, cc. 

mg. 

mg. 

Wg- 

Volume 


0 

— 

100 

— 

200 

8 



25-0 


1 

1-0 

37=^' 

— 

— 





24-0 


15 

1-0 

34^ 

— 

— 

— 



23-0 


25 

— , 

— 

0-1 

152 

6-6 

— 

22*9 

3 

0 

— 

— 

0-1 

150 

6-0 



22‘8 

3 

30 

1-0 

22 

— 

, — 





21-8 

7 

15 

— 

— 

O'l 

77 

3-5 



21*7 

11 

30 

1-0 

19 

— . 

— 





20*7 

12 

0 

, — . 

— 

^ 0*1 

43 

2-1 



20-6 

12 

0 

16-5 cc. of the reaction mixture 

were withdrawn and mixed %vith 

3'5 cc. of 

12 

6 

sodium nitrite solution, equivalent to 40 ma;. of nitrous acid per cc. 

— — 174 "8-7 — 20*0 

29 

0 

1-5 

6-6 

— 

— . 

— 

' — . 

18-5 

29 

0 

— 

— , 

0-1 

37 

2-0 



18*4 

29 

0 

— 

— 

— 

— 

, — 

85 

20*1 

29 

0 

— , 

— 

0-1 

130 

6*5 



20*0 

53 

0 

1*5 

4-2 

— 

— 

— 



18-5 

53 

0 

— 

— 

0-1 

36 

2-0 

— 

18*4 

53 

0 

— 

— 

— 

— 

— 

85 

20-1 

53 

0 

— 

— 

0-1 

139 

6-9 



20*0 

78 

0 

1-5 

2-2 

— 

— 

— 



18*5 

78 30 

— 

— 

0*1 

34 

1-8 

— 

18*4 

* A direct 

comparison 

of these solutions confirmed their relative oxytocic strengths. 


Exp. 4. Cooled sodium nitrite solution (1-0 cc. equivalent to 40 mg. of 
nitrous acid) was added to ice-cold purified hormone solution (2*0 cc., containing 
60 units associated with 0*58 mg. of solid) and 94A^ acetic acid (3*0 cc.). The 
mixture (at pjj 3) was preserved in ice for 15 mins., then mixed with an aqueous 
glycine solution (4-0 cc., containing 320 mg. of glycine; 5 mol. to 1 mol. nitrous 
acid), and incubated at 37°. Preliminary experiments (not published) had shown 
that this treatment rapidly reduced the nitrous acid to a small concentration, 
and that relatively large amounts of glycine and glycollic acid did not interfere 
mth the oxjdocic assay. 

Estimations were made of the concentration of nitrous acid by the Ilosvay 
reagent; at hours this was 1*6 % of the initial value, and at 4 hours 
0-003 % . 

At 4J hours, 3-0 cc. of the reaction mixture were brought to 10*0 cc. at pjj 
and the remainder was left at pjj 3. 7 days later, 3-0 cc. of the remainder were 
brought to 10-0 cc. at ‘Pn 7*4. All solutions were kept in ice. 

The sample of 3*0 cc. taken at 4J hours contained in all 3*57 units, whereas 
that taken after 7 da^^-s at 3 contained 2-86 units. Since the initial content 
of' 3-0 cc. of the experimental solution was 18 units, these values represent 
oxjdocic strengths of 20 and 16 % of the initial value. It is uncertain whether 
this slight decrease is due to the presence of the residual traces of nitrous acid 
ill the experimental mixture or to pg- -instability at p^ 3 or 7-4. 

Exp). 5 (Table III). Cooled sodium nitrite solution (4*0 cc,, equivalent to 
42 mg. of nitrous acid per cc.) was added to a cooled mixture of glacial acetic 
acid (10-0 cc.) and purified hormone solution containing 3 oxytocic units per cc. 
This mixture was kept in ice-water during the experiment and the temperature 
remained fairly constantly at 5°. The initial p-^ was 3 ; this remained unchanged, 
and was tested at 5, 9, 15, 22 and 30 hours. At the times shown in Table III 
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Table III. {Exp. 5.) 

Conen. of iVdded Concn. of 

HNOo, mg. r-^ ^ HNO2, mg. 


Time 

R^emoved 
for assay 

Oxytocic 

per cc. of 
reaction 

Sodium 

nitrite 

Water 

per cc. of 
reaction 

Volume after 
treatment, cc. 

hrs. min. 

cc. 

value, % 

mixture*^ 

cc. 

cc. 

mixture 

(estimated) 

— 0 



1*47 

— 

— 

— 

114*00 

™ 3 

o-OO 

55 

— 

— 

— 

— 

109*00 

— 9 





1*27 

— 

— 

— 

108*90 

— 24 







0*63 

0*46 

1*50 

109*99 

— 34 

5*05 

37 

— 

— 

— 

— 

104*94 

— 46 

— 

— 

1*49 

— . 

— 

— 

104*84 

1 30 

5*05 

33 

— 

— 

— 

__ 

99*79 

1 39 

— 

— 

1*45 

— 

— . 

— 

99*69 

3 0 

5-05 

30 

— 

— 

— , 

— 

94*64 

3 9 



— 

1*37 

— 

— . 

— . 

94*54 

3 29 

_ 



— 

0*45 

0-50 

1*56 

95*49 

3 34 

— 

— 

1*56 

— 

— 

— 

95*39 

4 30 

5-10 

— 

— 

— 

— 

— 

90*29 

4 39 



— 

1-50 

— 

— 

— 

90*19 

0 9 

— 

, — 

1*48 

— 

— . 

— . 

90*09 

6 0 

5*10 

27 

— 

— 

— 

. — 

84*99 

6 14 

— 

— 

1*42 

— 

— 

— . 

84*89 

6 34 



— 

— 

0*30 

0*55 

1*55 

85*74 

7 14 



— 

1*58 

— 

— 

— 

85*64 

8 0 

5*15 





— 

— . 

— 

80*49 

8 14 





1*52 

— 

— 

— 

80*39 

9 14 

— 

— 

1*42 

— 

— 

— 

80*29 

9 24 

— 

— 

— 

0*30 

0*50 

1*56 

81*09 

10 0 

5*20 

— 

— 

— 

— . 

— 

75*89 

10 14 

— 

— 

1*53 

— 

— . 

— 

75*79 

11 39 

— 

— 

1*46 

— 

— 

, — . 

75*69 

12 0 

5*20 

26 

— 

— 

— . 

— 

70*49 

12 39 

— 

— 

1*40 

— 

— 

— 

70*39 

12 54 

— 

— 

— 

0*20 

0*50 

1*50 

71*09 

13 39 

— 

— 

1*48 

— 

— 

— 

70*99 

14 0 

5*25 

— 

— 

— 

— 

— 

65*74 

14 39 

— 

— 

1*43 

— 

— 

— 

65*64 

14 54 

— 

— 

— 

0*34 

0*32 

1*63 

66*30 

15 39 

— 

— 

1*49 

— 

— 

— 

66*20 

16 0 

5*30 

— 

— 

— 

— . 

, — 

60*90 

16 39 

— 

. — 

1*34 

— 

— 

— 

60*80 

16 52 

— 

— 

— 

0*38 

0*23 

1*58 

61*41 

17 39 

— 

— 

1*54 

— 

— 

— 

61*31 

18 0 

5*35 

— 

— 

— 

— 

— 

55*96 

18 39 

— 

— 

1*50 

— 

— 

— 

55*86 

19 39 

— 

— 

1*46 

— 

— 

— 

55*76 

19 54 

— 

— 

— 

0*13 

0*43 

1-54 

56*32 

20 0 

5*40 

25 

, — , 

— 

— 

— 

50*92 

20 39 

— 

— 

1*42 

— 

— 

— 

50*82 

20 54 

— 

— 

— 

0*22 

0*29 

1*58 

51*33 

21 39 

— 

— 

1*55 

— 

— 

— 

51*23 

22 0 

5*45 

— 

— . 


, — 

— 

45*78 

22 39 

— 

— 

1*50 

— 



— 

45*68 

23 39 

— 

— 

1*39 


— 

— 

4d*5S 

23 54 

— 

— 

— 

0*22 

0*24 

1*57 

46*04 

24 0 

5*50 

— 

— 

— 

— 

— 

40*54 

24 39 

— 

— 

1*53 

— 



— 

40*44 

25 39 

— 

— 

1-43 

— , 

— 

— 

40*34 

26 0 

5*50 

— 

— 

— 





34*84 

26 14 

— 

— 

— 

0*16 

0*19 

1*60 

35*19 

26 39 

— 

— 

1*52 

— 

— 

— 

35*09 

27 39 

— 

— 

1*41 

— . 

— 

— 

34*99 

27 54 

— 

_ 

— 

0*14 

0*21 

1*56 

3o*34 

28 14 

5*55 

— 

— 

— 





29*79 

28 39 

— 

— 

1*50 

— 





29*69 

29 49 

— 

— 

1*41 

— 

— 



29*59 

30 0 

5*55 

22 

— 

— 

— 

— 

24*04 


Actual volume at end of experiment 23*0 cc. 

* Determined in samples of 0*1 cc. withdrawn at the times stated. 
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samples were withdrawn for oxytocic assay and for estimation of nitrons acid 
by the Ilosvay method, using a barium nitrite solution as the standard. The 
concentration of nitrous acid was maintained at about 1*5 mg. per cc. of reaction 
mixture by adding the necessary amount of sodium nitrite solution as calculated 
from the estimation of nitrous acid. The amount withdrawn for the first sample 
for the oxytocic assay was 5-0 cc., but since the mixture became progressively 
diluted with nitrite solution, the removal of the same volume for subsequent 
samples would have made these relatively weaker and would thus have increased 
the difficulties of calculating the results of the assays. The procedure adopted 
was as follows: concurrently with the addition of nitrite, sufficient distiled 
water was added to make the total volume of liquid added equal to 1 % of the 
volume of the reaction mixture at the time of making the addition ; the volume 
removed for oxytocic assay was increased by 1 % wherever an addition of 
nitrite had been made since the previous sample was taken. The samples for 
assay were diluted to 10-0 cc. at 7*2-74. 

Exp. 6 (Table IV). A mixture of purified pituitarj?- solution (3 cc., containing 
3 units per cc.) and sodium nitrate solution (1 cc., containing 86 mg., ecpiivalent 
to 63 mg. of nitric acid) was adjusted to pg 3 with a few drops of N acetic acid, 
diluted to 10-0 cc. and preserved at 0°. Samples (2 cc.) were diluted to 5*0 cc. at 
Pg- 7*2 and preserved at 0°. 

Table IV. {Exp. 6.) 


Time 

Days at 0° 
and p-^ 7*2 

Oxytocic 

Days at 0° 
and 7*2 

Subsequent 
oxytocic 
value, % 

hours 

before assaj’- 

value, % 

after assay 

(approx.) 

0 

— 

100 

— 

— 

22 

1 

89 

5 

60 

41-5 

1 

82 

4 

30 

88 

2 

48 

— 

— 


At 89 hours sodium nitrite (154 mg., equivalent to 10 mg, of nitrous acid) 
was added to the residual 4 cc. of the experiment, the reaction was adjusted to 
Pg- 3 by the addition of glacial acetic acid, and the mixture w’as preserved at 0° 
for a further period of 71 hours; free nitrous acid was then present by the starch 
iodide test. A sample was removed as above and assayed at once; the oxytocic 
value was 25 % . Several days later, when nitrous acid could no longer be 
detected, the oxytocic value had fallen to 20 % . This was ascertained b}^ 
diluting 1-65 cc. of the reaction mixture to 442 cc. at pg; 7-2 and assayiiig at 
once. The oxytocic substance in this sample (regarded as being B) was shown to 
be stable at pg 7-2 by preserving it at 0° for 5 days, when the activity remained 
unchanged at 20 % . 

Experiments on the possible effect of sodium nitrate in the testing-bath 
showed that there was a diminution in the height of contractions when volumes 
of 0-7 cc. or more 31/1000 sodium nitrate solution were present in a 100 cc. 
bath. This effect is presumably due to hypertonicity of the Ringer solution in 
the bath, since it is also produced by the addition of similar volumes of ilf/1000 
sodium chloride solution. 

Summary. 

1. When nitrous acid acts on a solution of the hormone at pg 3, the oxytocic 
activity diminishes as a result of (at least) three well-defined reactions. 

2. The existence of these reactions has been detected by stud}fing the fall 
ill activity with lapse of time when nitrous acid and nitric acid act on the 
hormone. 


* * ^ I 
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3. Nitrous acid very rapidly converts the hormone into a derivative A which 
6, has an oxytocic strength equal to 35 % of that of the hormone. 

4. Nitric acid, formed by aerial oxidation of nitrous acid, then acts alone or 
in conjunction with nitrous acid and produces a substance B with an oxytocic 
strength of 20 % . 

5. The prolonged action of high concentrations of nitrous acid gradually 
transforms B into a substance D with an oxytocic strength of about 0-1 %. 

6. Nitric acid converts the hormone mto a substance C (activity about 90 % ) , 
which differs from the other derivatives in being unstable at 7-2. Nitrous 
acid transforms C into a substance which is stable at p-^ 7*2 and has an activity 
of 20 % ; this is probably identical with B. 

7. It has not previously been shown that the constitution of the hormone is 
such as to allow its conversion into a series of derivatives which exert an oxytocic 
effect. 

My thanks are due to Dr T. B. Macrae for liis help. I am also indebted to 
Messrs Boots Pure Drug Company, Nottmgham, who presented the whole of 
the posterior lobe powder used in this work. 
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CLXVL THE PROTEOLYTIC ENZYMES 
OF YEAST. 


By THOMAS FOTHERINGHAM MACRAE^. 

From the Bioehemical Department, The Lister Institute, London. 

{Received June 5th, 1933.) 

xIn investigation into the action of proteolytic enzymes on the oxytocic prhiciple 
of the pituitary gland [GuUand and Macrae, 1933] required the preparation of 
the yeast proteolytic enzymes — dipeptidase, aminopolypeptidase and proteinase. 
In recent years Willstatter, Grassmann and their colleagues have described 
excellent methods for the preparation of these enzymes from Lowenbrau yeast, 
whereb}^ complete separation of the enzymes has been achieved [1926; 1927; 
1928, 1, 2, 3; 1930], Since the strain of yeast used by these authors could not 
be obtained in a fresh condition, it was hoped to devise methods for the pre- 
paration of those enz 3 nnes from the more readily available Enghsh brewer’s 
top-yeast. 

It is well known that yeasts from different sources may not behave identically, 
and it was therefore to be expected that English and German yeasts might 
liberate their enz^nnes at different rates. Since the methods used by the German 
authors depended largely on the fractional autolysis of the dead yeast cells, it 
was improbable that their methods could be apphed without modification to 
the preparation of the enz 5 nnes from English yeast, brewer’s top yeast 
was used for the greater part of the work now described, but a few experiments 
were carried out with a Dutch baker’s yeast; Lowenbrau jmast, on the other 
hand, is a brewer’s bottom yeast. x4. complete investigation of the problem has 
not been attempted, but the results obtained may be of value to others who 
may reqiihe these important enzymes. 

Qualitatively the English and Dutch yeasts behaved like Lowenbrau yeast, 
but marked quantitative differences were observed. By modif}dng the method 
of the German authors, dipeptidase preparations were obtained containing 
only traces of aminopotypeptidase and completely free from proteinase. Amino- 
polypeptidase was prepared by a slight modification of the existing method and 
was completely free from dipeptidase and proteinase. The purification of pro- 
teinase, however, has offered much greater difficulties. Using English top-yeast 
and Dutch baker’s yeast, no method gave a proteinase preparation which was 
free from aminopolypeptidase, although the proportion of protemase to amino- 
polypeptidase was always much higher than that of normal yeast autolysates. 
Proteinase preparations have been obtained completely free from dipeptidase. 

Experimei^tal. 

Methods of assaying enzyme preparations. 

The procedure used for the assay of dipeptidase, aminopolypeptidase and 
protemase was the method of all^ali titration in 90 % alcohol [Willstatter and 
Waldschmidt-Leitz, 1921]. The activities of dipeptidase and aminopolypeptidase 
^ Lister Institute Research Student in Biochemistry. 
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are estimated in units which are defined below. The activity of proteinase is 
estimated as the increase in acidity of a gelatin solution in niiit time (see below). 

The activity of dipeptidase is estimated usiiig ^f^-lencjdglyciiie as substratej 
the unit [Willstatter and Grassmann, 1926] being that quantity of enzyme which 
hydrolyses one half of the Z-peptide in 1 hour at 7*8 and 40° when acting on 
225 mg. of tZI-leucylglycine in 10 cc. of i¥/30 phosphate buffer. The estimation 
of dipeptidase was carried out in the following manner. A solution prepared in 
a graduated flask (2-5 cc.) by warming 56 mg. of tZZdeucyiglyciiie with M/B 
phosphate buffer at 7*8 (0*25 cc.) and water (about 1 cc.) w^as cooled and 
brought to Ph 7*8 with about 2 drops of N ammonia. The enzyme solution was 
then^dded, and the contents of the flask diluted to the mark with water and 
mixed. 1*0 cc. of the mixture was immediately transferred to a flask containing 
absolute alcohol (9 cc.) and 4 drops of a 0*5 % alcoholic solution of thjrmol- 
phtlialein and titrated with A^/20 KOH in 90 % alcohol until a faint blue colour 
was just perceptible. The graduated flask coiitaiiiiiig the remainder of the 
solution had meantime been placed in a thermostat at 40° and after 1 hour, 
1*0 cc. of the solution was removed and titrated in the same ivay. The difference 
between the titration values represented the degree of hydrolysis. An increase- 
in acidity equivalent to 0*60 cc. of A/20 KOH corresponds with 50 % hydrolysis 
of the Z-peptide and is effected by 0*25 unit of dipeptidase. The amount of 
enzyme taken must be adjusted so that not less than 25 % and not more than 
75 % of the Z-peptide is lyydrolysed. 

The activity of aminopolypeptidase is estimated using dZ-leucylglycylglyciiie 
as substrate, the unit [Grassmann and Dyckerhoff, 1928, 3] being that quantity 
of enzyme which hydrolyses one half of the Z-peptide in 1 hour at p^ 7*0 and 40°, 
when acting on 245 mg. of dZ-leucylglycylglycine in Jf/30 phosphate and ii’/25 
ammonium chloride having a total volume of 10 cc. The determination of amino- 
polypeptidase was carried out in a similar manner to that of dipeptidase. A 
solution of 61 mg. of cZZ-leucylglycylglycine in Jf/3 phosphate atp^- 7*0 (0*25 cc.) 
and Jf/2*5 ammonium chloride-ammonia at pg- 7*0 (0*25 cc.) was adjusted to 
Pb. ^ trace of N ammonia; no warming on the water-bath w-as required, 

since ieucylglycylglycme is easily soluble in w^ater. The enzyme was added 
and, after the solution had been diluted to 2*5 cc., 1*0 cc. portions were removed 
at intervals of 1 hour (temperature 40°) and titrated in the same iiiamier as 
in the determination of dipeptidase. An increase in acidity equivalent to 0*50 cc. 
of A/20 potassium hydroxide corresponds with 50 % hydrol^^sis of the Z-pepticIe 
and is effected by 0*25 units of aminopolypeptidase. The amount of enzyme used 
must effect hydrolysis of not less than 25 % and not more than 75 % of the 
Z-peptide. In the presence of dipeptidase the results of the determination are 
too high since there is some hydrolysis of the glycylglycine formed by the action 
of the aminopolypeptidase. 

The estimation of proteinase was carried out as follows. A mixture of a 
10 % gelatin solution (6 cc.) and M/5 citrate buffer at pjj 5*0 (T6 cc.) in a 10 cc. 
graduated flask was adjusted to 5*0 wdth a trace of A acetic acid. The eiiz3^me 
solution was then added, and the contents of the flask were diluted to the mark 
with water and immediately mixed thoroughly^ by being warmed in a thermostat 
at 40° and shaken gently. A 2 cc. portion was at once removed and added to 
absolute alcohol (18 cc.) which had previously been heated to 50-60°. Pre- 
cipitation of gelatin occurred, and after the addition of 6 drops of tliymol- 
phthalein the mixture was titrated wdth A/20 KOH in 90 % alcohol until a 
permanent faint blue colour had developed; constant shaking was essential 
during the titration. After the hydrolysis had proceeded for 24 hours at 40°, a 
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further 2 -cc. portion was removed and titrated. The results are quoted as 
increases in acidity. In presence of aminopolypeptidase high values are obtained 
owing to the action of that enzjune on the products of the proteinase hydrolysis 
of gelatin. 

Dipeptidase, 

Grassmann and Klenk [1930] obtained ‘^pure” preparations of dipeptidase 
from Loweiibrau yeast by autolysis of the dead 3^east cells for 20 hours at pjj 
64-6*8. The autolysate thus obtained was very rich in dipeptidase and also 
contained some aminopotypeptidase and proteinase. Rapid adsorptions at p^ 5 
with small^ quantities of specially prepared suspensions of aluminium h37'droxide 
and kaolin removed all the proteinase and some of the aminopolypeptidase, but 
left most of the dipeptidase, which w^as finally obtained free from aminopoly- 
peptidase by careful fractional precipitation with acetone. The direct application 
of this method to the English top-yeast invariably yielded preparations which 
had much dipeptidase activity, ivere free from proteinase, but contained some 
aminopolypeptidase; in the manjr experiments which were carried out, two 
different preparations of aluminium hydroxide Cy gave similar results. The 
weights of the dry preparations obtained were only about one half of those 
recorded b^r Grassmann and Klenk. The enzyme activities of the preparations 
varied to some extent, but the following were typical preparations ; proteinase 
activity was entirely absent. 



Table I. 



Units of 

Units of 


dipeptidase 

aminopolypeptidase 


per 10 mg. 

per 10 mg. 

1 

048 

0-20 

2 

0-51 

0-18 

i 

0-62 

0-23 


An attempt to free one of the above preparations from aminopolypeptidase 
by redissolving in water and reprecipitating with acetone (compare Grassmann 
and Klenk, 1930] resulted in almost complete destruction of both dipeptidase 
and aminopolypeptidase. A preparation (500 mg., containing 0-48 unit of 
dipeptidase and 0*20 unit of aminopolypeptidase per 10 mg.) was dissolved in 
water (50 cc.) and adjusted to p-^ 7-0 with ammonia and cooled to 0°. Pure 
acetone (30 cc.) containing sufficient ammonia to keep the final mixture at 
7*0 was added, and the precipitate was centrifuged down and discarded. 
The centrifugate was treated mth a further portion of acetone (25 cc.) at 0° 
and the precipitate was centrifuged down and dried by treatment with acetone 
and finally with ether. This material (150 mg.) contained 0*05 unit of dipeptidase 
and 0*02 unit of aminopolypeptidase per 10 mg. 

All earlier method for the preparation of solutions free from “tiyptic” 
activity [Grassmann and Haag, 1927] depended on the removal of the enzymic 
impurities by adsorption with a specially prepared suspension of aluminium 
hydroxide. This, when applied to the Enghsh top-yeast, gave a final solution 
which was free from proteinase but not from aminopotypeptidase. 

The behaviour of a fresh yeast autolysate towards adsorption by aluminium 
hydroxide Cy was investigated, in order to discover if a separation of dipep- 
tidase and aminopolypeptidase could be effected by this means. English top- 
yeast (200 g.) was liquefied with ethyl acetate (20 cc.) and treated mth water 
(220 cc.). Dilute ammonia was added to neutralise the acid as it was formed in 
the aiitolysis, and to maintain the p-^ at 6-5. After 2 hours of this treatment 
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the yeast was centrifuged and carefully washed with water. It was now sus- 
pended in water (250 cc.) containing a few drops of toluene and allowed to 
autolyse for 17 hours, the being maintained between 6-2 and 6*5. The yeast 
was centrifuged, and portions of 25 cc. each of the centrifugate were immediately 
cooled to 0°, adjusted to 5-0 with N acetic acid, mixed with if sodium 
acetate-acetic acid buffer at pjj^ 5-0 (2 cc.) and treated in the following manner 
with a suspension of aluminium hydroxide Oy (35 mg. AlgOg), the total volume 
being 35 cc. The adsorptions were carried out as quickly as possible and the 
temperature was kept below 10°. One portion was treated once with the 
adsorbent, another portion twice, and a third portion three times successively, 
the same amount of adsorbent being used in each case. The dipeptidase and 
aininopolypeptidase activities of the original autolysate and the three adsorbed 
portions were estimated (Table II). 


Original autolysate 
After one adsorption 
After two adsorptions 
After three adsorptions 


Table II. 

Units of dipeptidase 
in solution repre- 
senting 1 cc. of 
original 
autolysate 

3-35 

MO 

0-25 

0-16 


Units of aminopoly- 
peptidase in solution 
representing 1 cc. 
of original 
autolysate 

1-80 

1-25 

045 

OvU 


It is apparent from this experiment that simple adsorption tvitli aluminium 
hydroxide Cy under these conditions does not suffice for the separation of 
dipeptidase and aminopolypeptidase. Grassmami and Klenk [1930], using very 
similar conditions to those described above, observed that aminopolypeptidase 
was preferentially adsorbed, whereas in this experiment preferential adsorption 
of dipeptidase occurred. It would appear, therefore, that a quantitative differ- 
ence exists between the adsorptive properties of the enzymes in autolysates of 
Lowenbrau yeast and English top-yeast. 

Maiw attempts were made to obtain ‘''pure’’ dipeptidase preparations. The 
following method, which is a modification of that of Grassmann and Ivlenk [1930], 
was found to be the most successful. EngHsli top-yeast (500 g.) w^as liquefied 
with ethyl acetate (50 cc.) and treated with water (500 cc.). 20 % ammonia was 
added carefully in order to maintain the suspension at pg 6*5. After 2 hours the 
yeast was centrifuged and the dark brown centrifugate set aside. The yeast was 
carefully washed with water, again suspended in water (500 cc.) containing some 
toluene, allowed to autolyse for 20 hours at pjj 6-2-6 *6 and room temperature 
and centrifuged off. Meantime an aluminium hydroxide suspension had been 
prepared [compare Grassmann and Haag, 1927]. A quantity (400 cc.) of the 
dark brown centrifugate wdiich had been retained was diluted to 1600 cc. with 
water and adjusted to pj^ 5-0 with M acetic acid. A suspension of aluminium 
hydroxide Cy (700 mg. AlgOg) was added at 0° and after shaking the aluminium 
hydroxide was centrifuged down. This aluminium hydroxide which had thus 
adsorbed considerable amounts of autotysis products was now suspended in 
water and made up to 50 cc. Immediately after centrifuging from the yeast a 
portion of the autolysate (100 cc.) was adjusted to p^ 5 with acetic acid and 
mixed with M sodium acetate-acetic acid buffer at pg- 5-0 (2 cc.). This mixture 
was treated as quickly as possible four successive times at 0° "with 10 cc. portions 
of the above aluminium hydroxide suspension. The residual enzyme solution 
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was tlieii trcatod twee at 0° witli successive portions (20 ce;) of a kaolin, sus- 
pension (acid to plienolplithalein and alkaline to methyl red), containing 300 mg. 
of kaolin per cc. The kaolin was discarded, and a portion of this solution (120 cc.) 
■was adjusted to Pg 7*0 with A' ammonia, cooled to 0° and mixed with pure 
acetone (85 cc.) which contained sufficient ammonia to maintain the pjj at 7*0 
(determined by previous trial on test portions). The resulting precipitate was 
centrifuged off and discarded. The centrifugate was treated mth acetone (60 cc.) 
ill the same way, and the precipitate was centrifuged and dried by washing 
three times with acetone, three times with ether and finally in a vacuum desic- 
cator; }deld 90 mg. This preparation contained 0*24 unit of dipeptidase and 
0*005 unit of aminopolypeptidase per 10 mg. and was completely free from 
proteinase. After 2 months its activity remained unchanged. 

This method differs from that of the German authors at several points. The 
most important deviation is in the larger volume of acetone used in precipitating 
the discarded solid of the first acetone treatment, and it is on this modification 
that the success of the method depends. The weight of the dry preparation and 
its enzymic content were very much less than those obtained by Grassmann and 
Klenk. 

Aminopolypeptidase, 

The method of Grassmann and Dyckerhoff [1928, 3] for the preparation of 
‘'pure ’’ aminopolypeptidase from Lowenbrau yeast depends on the fact that the 
autolysis of the dead yeast cells in 0*3 % ammonia for 48 hours or less results 
in the liberation of all the proteinase activity and the destruction of all the 
dipeptidase activity. On the other hand, only part of the aminopolypeptidase 
is liberated during that time. Therefore, by centrifuging and washing the yeast 
after an autolysis lasting 48 hours, and by allowing it to autolyse in fresh water 
for a further 5 days, these authors obtained an autolysate containing amino- 
polypeptidase, but free from dipeptidase and proteinase. From this a dry 
preparation was obtained. On following this method with English top-yeast, 
the final preparation always contained traces of dipeptidase, but the modi- 
fication described below yielded preparations free from both proteinase and 
dipeptidase. 

English top-yeast (500 g.) was liquefied with chloroform (50 cc.) and treated 
with 0*35 % ammonia (500 cc.). After remaining at room temperature for 
48 hours the yeast was centrifuged and thoroughly washed with water. It 
was then suspended in water (400 cc.) containing a little chloroform, and 
adjusted to pg- 7 *0-7 *2. After remaining for 5 days at room temperature the 
yeast was centrifuged off, and the centrifugate was treated with 2*5 acetic 
acid (65 cc.). The precipitate was centrifuged, suspended in water (20 cc.) and 
treated mth drops of N ammonia until ail but a trace of insoluble matter had 
dissolved (pg 7*5). The solution, centrifuged from the sohd, was dialysed for 
14 hours in a cellophane hag against a slow stream of distilled water. The 
enzyme solution, cooled to 0"^, was now added to three times its volume of pure 
acetone which had been cooled to — 15°. The temperature of the mixture 
was — 8°. The precipitate was centrifuged immediately and dried rapidly by 
washing three times vdth acetone, three times with ether and finally in a vacuum 
desiccator; yield 165 mg. This preparation contamed 0*64 unit of aminopoty- 
peptidase per 10 mg. and was completely free from dipeptidase and proteinase. 
When kept in a tightly stoppered tube its activity remained unaltered for 
3 months. 


1234 


T. F. MACRAE 


Proteinase, 

Grassmanii and Dyckerhoff [1928, 3] obtained , solutions of proteinase wMcli 
were free from dipeptidase and aminopoij^peptidase by making use of the 
following facts. Bipeptidase is destroyed during a preliminary aiitolysis of 
Loweiibraii yeast in 0*3 % ammonia lasting 17 hours. If the yeast be centrifuged, 
washed and allowed to autolyse in fresh water for a further 5 hours at 5, the 
liberation of aminopolypeptidase is completely suppressed, whilst the proteinase 
enters the autolysate. The enzyme solution prepared in this way was adjusted 
to p>-B. precipitate inorganic phosphate, which w^as centrifuged off. 
After the reaction of the solution had been adjusted to 5 the proteinase was 
adsorbed by treatment with aluminium hydroxide Cy and eluted with di- 
ammonium 'phosphate. The German authors observed that the resulting pro- 
teinase solution underwent self-activation when preserved for 10 days at 0° 
and pu 7*0, and they thus obtained a highly active proteinase solution, which 
was completely free from dipeptidase and aminopolypeptidase. 

In the present investigation the following attempts were made to obtain 
pure proteinase preparations from English top-yeast and Dutch baker’s yeast. 
In each, case the final preparation was preserved at 'Pu 7-0 and 0° for 10 days 
before the enzymes were estimated (Table III) in order to allow the activator to 
develop. 

{a) The method of Grassmann and Dyckerlioff [1928, 3] was carefully 
followed using English top-yeast. The purification by adsorption on aliimiiiium 
hydroxide was carried out. 

(b) As (a) using Butch baker’s 3?'east. 

(r) The solution from (6) was adjusted to pg- 10 with 5A^ ammonia and 
maintained at that pjj at room temperature for 1 hour. It ivas then adjusted to 
Pjj 7*0 with 5 A acetic acid, 

(d) As in (c), but the enzyme solution was maintained at pg- 10 for 3 hours. 

(e) Using English top-yeast, the method of Grassmann and Dyckerlioff 
[1928, 3] was modified by carrjung out the second autolysis at pjj 4-6 instead 
of 5*0. 

(/) and {g). Procedure as in (a), except that the duration of the prehminai^y 
autolysis was reduced from 17 hours to 12 hours. In (/) the duration of the 
second autolysis was 3 hours, in (g) 5 hours. 

(h) A portion (75 cc.) of the autolysate prepared from English top-yeast 
according to Grassmann and Byckerlioff [1928, 3, p. 62] was treated vitli pure 
acetone (150 cc.) at room temperature. The precipitate was centrifuged oft' and 
redissolved in water (25 cc.). Acetone (30 cc.) was then added at room tem- 
perature, and the precipitate was centrifuged o,'f! and dried by was.hiiig vdth 
acetone, then ether and finally in a vacuum desiccator; yield 25 mg. 

(i) A portion (75 cc.) of the same enzyme solution as that used in (k) was 
d-iahrsed in a cellophane bag against rimiimg tap -water for 40 liours and then 
against a slow stream of distilled water for 6 hours. The solution was then 
mixed with acetone (100 cc.) at room temperature, and the precipitate was 
centrifuged off and dried as in (A) ; yield 35 mg. 

The activities of the above preparation are recorded in Table III. All the 
preparations contained aminopolypeptidase and since that enzyme hydrolyses 
further the products of the proteinase hydrolysis of gelatin, no accurate figure 
for the increase in acidity due to the proteinase action could be obtained. How- 
ever, the recorded increases in acidity give strong mdication of the proteinase 
contents of the preparations. As already explained the figures for amino- 
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polypeptidase are also inaccurate in those preparations which contain clipep- 
tidase. Complete hydrolysis of the Z-lencylglycylglycine was obtained in the 
determination of the aminopolypeptidase activity of some of the preparations ; 
this requires an increase in acidity of 1-00 cc. of A 72 O KOH hydroxide. 


Table III. 


(a) 

Proteinase 

In {ci)-{g), 1 ee. of enzyme 
solution in a total volume 
of 10 cc. In (h) and (i), 
10 mg. of dry preparation 
in 10 cc. 

Increase in acidity in 2 cc. 
portions after 24 hours, 
cc. Y/20 KOH 

MO 

Aminopolypeptidase 

111 {a)-{g), 2 cc. of enzyme 
solution in a total volume 
of 10 cc. In (/i) and (i), 
20 mg. of dr^:^ preparation 
in 10 cc. 

Increase in acidity in 1 cc. 
portions after 24 hours, 
cc. AV20 KOH 

1-01 

Hipeptidase 

111 {a)-{g)^ 2 cc. of enzyme 
solution in a total volume 
of 10 cc. In (h) and (i), 
20 mg. of dry preparation 
in 10 cc. 

Increase in acidity in 1 cc. 
portions after 24 hours, 
cc. iV/20 KOH 

0-05 

(6) 

1-60 

0-96 

0-09 

(c) 

1-33 

0-83 

0-01 

(d) 

0-97 

0*56 

0-00 

(e) 

0*46 

0-88 

Not determined 

(/) 

0*78 

1-06 

0-45 

(?) 

1-31 

0-99 

0-71 

(A) 

1'35 

1-00 

0-40 

(*■) 

1-30 

0-89 

0-00 


The results of these attempts to obtain a pure proteinase are here sum- 
marised. Using English top-yeast and Dutch baker's yeast the method of 
Grassmami and Djrckerliofl [1928, 3] yielded a preparation which contained 
considerable quantities of aminopolypeptidase and traces of dipeptidase (aand5). 
Treatment with ammonia readily destroyed these traces of dipeptidase, giwng 
enzyme preparations which were completely free from dipeptidase but still 
contained aminopolypeptidase (c and d). Evidently in the case of these yeasts 
the liberation of aminopolypeptidase at Ph is completely suppressed; 
even at pjj 4*6 considerable quantities of aminopolypeptidase were liberated 
although less than half of the proteinase obtained at pjj 5-0 was set free {e). 

Loweiibraii yeast liberates its proteinase only after about 16 hours’ autolysis 
[Grassmami and Dyckerhoff, 1928, 3]. English top-yeast begins to liberate its 
proteinase much sooner, for a preliminary autolysis of 12 hours and a subsequent 
autolysis of 3 hours atp^ 5*0 3 delded considerable quantities of the three proteo- 
lytic enzymes in the second autolysate (/). When the second autolysis was 
continued for 5 hours the amounts of the enzymes liberated had increased (g). 

Grassmami and Dj^'cherhoff [1928, 1, 2] observed that precipitation of 
eiizjnnic solutions mth acetone at room temperature destroj^ed most of the 
aminopolypeptidase. In the case of the autolysates from English top-yeast, 
however, two successive precipitations did not destroy ail the aminopotypepti- 
dase activit^^ Moreover, some dipeptidase also persisted (h). Prolonged diatysis 
also destro^^ed aminopolypeptidase [Grassmami and Dyckerhoff, 1928, 1, 2]. 
Dialysis for 46 hours of the autolysate from English top-yeast followed by 
acetone precipitation yielded a dry preparation which still contained amino - 
potypeptidase but was free from dipeptidase {i). 

Summary. 

1 . The liberation of the proteolytic enzymes, dipeptidase, amiiiopolypepti- 
dase and proteinase by the autolysis of English top-yeast and Dutch baker’s 
yeast has been studied and has been shown to differ in several respects from the 
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liberation of these enzymes from Lowenbrta yeast. Quantitative differences in 
the behaviour of the enzymes from these sources to adsorbents and other treat- 
ment have also been observed. 

2. The methods used by Willstatter, Grassmami and their colleagues for the 
preparation of dipeptidase, amiiiopoiypeptidase and proteinase from Loweiibrau 
yeast require modification when used for the preparation of these enzymes from 
English top-yeast. 

3. Ey means of modifications of these methods, preparations of (a) dipeptidase 
completely free from proteinase and containing only traces of amiiiopoiypepti- 
dase, and (6) aininopolypeptidase free from both dipeptidase and proteinase 
have been obtained from English top-yeast. 

4. Proteinase, free from dipeptidase but not from aininopolypeptidase, has 
been obtained from English top-yeast and Dutch baker’s yeast. 

I wish to express my thanks to Dr J. M. Giilland for his continued criticism 
and advice. My thanks are also due to Messrs Watney, Combe and Reid, who 
supplied the English top-yeast. 


EEFERENCES. 


Grassmann (1927). Z. 'pMfsiol. Ckeni. 167, 202. 

and Dyckerhoit (1928, 1). Z. ■physiol. Chem. 175, IS. 

(1928, 2). Ber. deutsch. chem. Ges. 61, 656. 

(1928, 3). Z. ‘physlol. Chem.. 179, 41. 

and Haag (1927). Z. physiol. Chem. 167, 188. 

and Klenk (1930). Z. physiol. Chem. 186, 26. 

Gulland and Macrae (1933). Nature^ 131, 470. 

Willstatter and Grassmann (1926). Z. physiol. Chem. 153, 250. 

and Waldschmidt-Leitz (1921). Ber. deutsch. chem. Ges. 54, 2988. 


CLXVIL THE OXYTOCIC HORMONE OF 
THE POSTERIOR LOBE OF THE 
PITUITARY GLAND. 

IIL THE ACTION OF PREPARATIONS OF 
PLANT PROTEOLYTIC ENZYMES. 

By JOHN MASSON GULLAND 
AND THOMAS FOTHERINGHAM MACRAE i. 

From the Biochemical Departmejit, The Lister Institute, London. 

{Received June 29th, 1933.) 

It was recorded Dudle^^ [1919] that trypsin, in the form of Merck’s pancreatin 
in iY/10 sodium carbonate solution, destroyed the oxytocic hormone. Later, 
Dale and Diidle}^ [1921] observed that the hormone, was inactivated by intes- 
tinal erepsiii, in the form of a crude preparation from dog’s intestinal mucosa 
in lY/lO sodium carbonate solution. They also found that a papain preparation, 
which could digest fibrin in N/IO hydrochloric acid solution, did not attack the 
hormone under comparable conditions. Thorpe [1926] confirmed the destructive 
action at about pjj 9 of pancreatic trypsin, which had been freed from accom- 
panying lipase but was otherwise crude. Freiidenberg et at. [1932] stated briefly 
that the hormone was not altered by pepsin or erepsin but was destroy^ed by 
trypsin and papain. Dudley [1923] and also Thorpe concluded that their results 
indicated the presence of a peptide hnkage in the hormone molecule, and 
Freudenberg et al. considered that the hormone has either a high molecular 
■weight or is bound to a liigh-molecular carrier of the protein group. 

The experiments of the earlier investigators were made at a time when the 
need for controlling hydrogen ion concentration and for using “pure” enzymes 
was not fiilty realised. For these reasons, and in view of the discrepancy between 
the results mentioned above and the importance of the conclusions reached, if 
these are accurate, it was essential to extend these experiments on a more 
elaborate scale using enzyme preparations of known purity or content^. 

The yeast proteolytic eiizymies which have been studied by^ the Wiilstatter 
school [for summaiy, see Grassmann, 1932] are more easily obtained in greater 
purity than are animal proteolytic enzymes ; in addition, they?' are more specific 
and might therefore yield more detailed information as to the nature of the 
hormone. It was decided to study in the first instance the action on the hormone 
of the dipeptidase, aminopolypeptidase and proteinase of yeast. This communica- 
tion also includes a description of the action of a papain preparation. A subsequent 
memoir will describe the behaviour of the hormone when acted on by?^ preparations 
of trypsin and other enzymes : these experiments have been completed. 

^ Lister Institute Besearcli Student in Biochemistry. 

^ This work was initiated in January 1932 as part of the general scheme for this series of 
investigations which was begun in Part II [Gulland, 1933]; a preliminary account of some of 
the results has already been published [Gulland and Macrae, 1933]. 

Biochem. 1933 xxvn 78 
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Til© homionG was slowl^^ inactivated by two ainiiiopolypeptidas© prepara- 
tions from different sources (Fig. 1). Neither preparation contained any di- 
peptidas© or proteinase activity. • . 

The liorinon© was ver^^ rapidly inactivated by two dipeptidase preparations 
from different sources; both were free from proteinase but contained traces of 
aminopolypeptidase (Fig. 2). 

The hormone was very rapidly inactivated by two solutions of proteinase 
which contained some aminopolypeptidase (Fig. 3). One solution also contained 
traces of dipeptidase, whilst the other was free from this enzyme. 

These results showed that the inactivation of the hormone was not caused 
by dipeptidase, aminopolypeptidase or proteinase for the following reasons, 

(i) The inactivation was not due to dipeptidase, because the honiioiie was 
rapidly inactivated hy a protehiase solution which contained no dipeptidase. 

(ii) The inactivating enzyme was not proteinase, because the liormone was 
ra|)idiy inactivated by a dipeptidase preparation which was free from proteinase. 

(iii) Aminopolypeptidase was not responsible, because dipeptidase prepara- 
tions which contained only a trace of aminopolypeptidase were many times more 
active than were aminopolypeptidase preparations of high aminopolypeptidase 
activity. 

The shapes of the j^g-activity curves (Fig. 4) of the inactivating enzymes 
of dipeptidase and proteinase preparations were identical and had a pjj-optiniiiiii 
at 7*4." It was therefore highly probable that the inactivation in each case was 
brought about by one and the same enzyme, and this assumption is now made. 

The hormone was extremely rapidly inactivated by a papain preparation, 
and the shape of the curve and position of the p^poptimum (Fig. 4) 

were the same as those of the enzyme of the yeast preparations. It is presumed, 
therefore, that the enzyme present in the papain preparation, wliicli inactivated 
the hormone, is not a papainase but is identical with the yeast enzyme. 

The pjj-activity curve of this enzyme wdiich inactivates the hormone is quite 
distinct from those of yeast dipeptidase, aminopolypeptidase, proteinase and 
papaui (Fig. 5). Experiments made in the search for the substrate characteristic 
of this enzyme will be described in future communications, together with ob- 
servations on the conclusions of other investigators wdiicii were mentioned 
above. 

It is noteworthy that none of the enzyme preparations reduced the oxytocic 
activity to zero. For example, a dipeptidase preparation reduced the oxytocic 
strength to 0-7 % of its initia.1 value in half an hour, but no further decrease 
occurred in the course of 24 hours. It has been demonstrated that this residual 
activity is not due to histamine, of which small traces might conceivably have 
occurred in the stock hormone solution. Our present opinion is that this residual 
activity is due to a derivative of the hormone produced by the action of the 
enzyme. 

Experimental. 

Methods emjployed, 

PrepamHon of yeast proteolytic enzymes. Dr W. Grassmann of Munich pre- 
sented us with (1) a dipeptidase preparation wiiich w^as free from proteinase 
but contained traces of aminopolypeptidase; (2) an aminopolypeptidase pre- 
paration which contained neither dipeptidase nor proteinase. 

Our dipeptidase and aminopolypeptidase preparations were mad© from 
Enghsh brewer’s top yeast, our proteinase solutions from Butch baker’s yeast, 
in each ease as described by Macrae [1933]. 
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Estimation of proteolytic activity. The activity of the proteolytic enzymes was 
estimated in the usual way by comparing the volumes of i¥/20 alcoholic KOH 
required to titrate to thymolphthaleiii standard portions removed from the 
©iizyine- substrate mixture at the beginning of the estimation and after a known 
period of tune. The amounts of dipeptidase and aminopolypeptidase were then 
expressed in units [Willstatter and Grassmann, 1926; Gi^assmami and Dycker- 
hoff, 1928].' 

Assay of oxytocic activity. The oxjdiocic activity of solutions was assayed by 
the degree of contraction they produced in the isolated uterus of the guinea-pig 
[Burn and Dale, 1922; Burn, 1928; Gulland and Newton, 1932], 

111 each time-activity experiment dilutions of the stock solutions were used 
as standards, the results of the assays bemg expressed as • percentages of the 
initial activity of the stock solution (regarded as 100). In pg--activity experi- 
ments the activities of the control solutions were assayed against a dilution of 
the stock solution, and the activities of the samples were then assayed against 
their control solutions (regarded as 100). For the sake of clarity the activity in 
international standard units of the stock solution is quoted for each experiment. 

Samples and controls. Samples withdrawn for assay or as controls were 
adjusted to pjj 3*5 with acetic acid, being diluted with water to a known volume 
which was much too concentrated in oxytocic material to be used dheetly for 
assay. These stock samples were preserved at 0°, and suitable dilutions of them 
for assay were adjusted to p-^ 7*5 immediately before use and were kept at 0° 
until no longer needed. By this means the hormone present in a sample was 
stored almost at the pjg- of maximum stability {p-^ 3 [Gaddum, 1930]), but was 
pipetted into the testing-bath at a reaction which did not upset the normal 
buffering of the Ringer solution, without being exposed unnecessarily to the 
deterioratmg influence of an alkahnity of pg- 7*5. The selection of pjj 3-5 instead 
of Ph 3 was made because experience showed that the amount of acetic acid 
required to change the reaction to pg- 3*5 was relatively small as compared with 
that needed to carry the adjustment further to pg- 3. The assumption has 
necessarily been made that the final product (0*7 % activity) of the action of 
the enzyme which destroys the hormone is stable at pjj 3*5 and at pjj 7*5 under 
the conditions of the experiments. 

It should be noted that “boiled enzyme controls” have been avoided. The 
rate of destruction of the hormone is dependent on the hydrogen ion concen- 
tration and is a fiinction of the temperature [Gaddum, 1930] ; it was therefore 
essential that a control solution should be an accurate control of the effect of 
heat and reaction on the hormone under the same conditions as obtained in the 
experiment. A further reason for avoiding “boiled enzyme controls” was the 
fact that many enzyme solutions deposit amorphous precipitates of denatured 
proteins when heated, and these might adsorb the hormone. This difficulty, 
however, has not been encountered. 

Action of yeast aminopolypeptidase preparations. 

(x4) From- English hreiveds top yeast, at pj/ 7-0. A. hormone solution (16*7 cc. 
at P]g- 3, containing 4*5 international oxytocic units per ce.), Jf/3 sodium phos- 
phate biiff’er atpg- 7*0 (2-5 cc.), and lf/2-5 ammonium chloride solution (2*5 cc.) 
were mixed in a graduated flask (25 cc.), and the reaction was adjusted to 
Pg- 7*0 with N ammonia. A solution of an aminopolypeptidase preparation 
(100 mg. in 2*5 cc. of water, containing 3*2 units of aminopolypeptidase and 
free from dipeptidase and proteinase) was added, and the mixture was diluted 
as quickly as possible to 25*0 cc. with water and thoroughly mixed. A control 
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sample (1 -5 cc ) was immediately removed into a graduated flask (2-5 cc.), which 
was at once immersed for 6 minutes in a vigorously boiling water-bath in order 
to inactivate the enzyme. When this heating was finished, the flask was tightly 
stoppered and placed in a ttiermostat at 40°. As soon as tlie control ^sample 
had been removed from the experimental solution, the flask containing the 
remainder of this solution was tightly stoppered and placed in the thermostat. 

Sample portions (1-5 cc. each) were removed from the reaction mixture mto 
2-5 CO. flasks at appropriate intervals ; each was heated at 100° for 5 minutes 
to inactivate the enzyme immediately after being removed, and the flask was 
then stoppered and returned to the thermostat. x\t the end of the expeiiment, 
2-5 if acetic acid (0-5 cc.) was added to each sample and the control, and the 
mixtures were diluted with water to 2-5 cc.; the Pa then 3-5, and these 
stock samples were preserved at 0°. _ 

TiiG rcEictioii rGinEiiiiGd constaiit at /*0 during tli© ©xporiniGiit. lliG 
aniiiiopolypeptidasG present in the residual solution after 24 houis ji-as ©sti- 
mated, using (l?-leiicylgiycylglyciiie as substrate. 3-0 cc. contained 0*35 enzyme 
unit, whereas iiiitiaUy 3-0 cc. had contained 0*38 unit, so that more than 90 % 
of the aminopolypeptidas© was present at the end of the experiment. 

For the oxytocic assay 1*0 cc. of each stock sample was diluted to 10*0 cc. 
at p-Q_ 7*5 and tested against a dilution of the stock iiornione solution (0"4 cc. 
in 10 cc., i.e. 0*18 unit per cc.). These solutions would have had the same oxytocic 
activity if no inactivation of the hormone had occurred. The results are given 
in Table I and Fig. I, A, 

Table I. 

Time (hours) 0 0-5 1 1*5 2 3 4 S 24 

Activity present (%) 8S 76 67 48 40 29 23 8 2-0 



Fig. 1. Aminopolypeptidase preparations : A, from English yeast; i?, from Mmiicli yeast. 


{B) From Munich yeast, at p^- 7-d. An aminopolypeptidase preparation 
(20 mg., containing 0-86 unit of aminopolypeptidase, no proteinase and no 
dipeptidase) was dissolved in i¥/3 sodium phosphate buffer at Pu 7-5 (2-0 cc.) 
and added to a hormone solution (8 cc., containing 1*5 units per cc.), previously 
adjusted to pg- 7*5. The mixture was shaken, a control portion (2-0 cc.) was 
immediately removed into a graduated flask (2*5 cc.), and the residual solution 
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was incubated at 40°; the^pg. remained constant at 7-5. The technique described 
above was used for control and samples, and at the end of the experiment these 
w^ere diluted to 2-5 cc. (pg 3-5) wdth 2-5 M acetic acid. 

For assay the stock samples were diluted (1-88 cc. to 10-0 ee. at with 

water and alkali and tested against a dilution of the stock hormone solution 
(1*2 cc. diluted to 10*0 cc., i.e. 0*18 unit per cc.). The results are mven in 
Table II and Pig. 1,5. “ 

Table II. 


Time (hours) 0 1 4 

Activity present (%) 100 42 3.7 


24 

About 1 


Action of yeast dipeptidase preparatiom. 

(A) From English brewer’s top yeast, at pg 7-8. A dipeptidase preparation 
(57 mg., containing 1*37 units of dipeptidase, 0*03 unit of aminopolypeptidase 
and no proteinase) was dissolved in water (1 ce.) containing a few drops of Jf/3 
sodium phosphate buffer at p^ 7*8 and added to a mixture of a hormone solu- 
tion at Ph 7*8 (6*7 cc., containing 4*5 units per ec.) and Jf/3 sodium phosphate 
buffer at pg 7*8 (1 cc.). The reaction mixture was rapidly diluted to 10*0 cc. 
and mixed. Control and sample portions (1*5 cc. each) were removed into 
2*5 cc. graduated flasks, the procedure being as described above. The pg re- 
mained constant at 7*8 throughout the experiment, and after 24 hours 1 cc. of 
the reaction mixture contained 0-05 unit of dipeptidase when estimated by its 
power of hydrolysing dl-leucylglycine ; this corresponded to about 40 % of the 
original dipeptidase activity. 

Table III. 


Time (hours) 0 0*5 

Activity present (%) 80 4 


About 2 


4 

About 2 


24 

About 2 


3 

Hours 


6 24 


Fig. 2. Dipeptidase preparations: A, from English yeast; J5, from Munich yeast. 

For assay tlie stock samples were diluted (1*0 cc. to 10*0 cc. at jijg- 7*5) and 
compared with a dilution of the stock hormone solution (0*4 cc. to 10*0 cc.; 
i,e. 0-18 unit per cc.) ; these solutions would have had the same oxytocic activity 
if no inactivation had occuiTed. The results are given in Table III and Fig. 2, A. 
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(R) FfOM Munich yeast, at pj? 7 '5, A dipeptidase preparation (10 mg., con- 
taining 0*8 unit of dipeptidaso, 0-02 unit of amiiiopotypeptidase and no pro- 
teinase) was dissolved in If/S sodium pliosphate buffer^ at pjj 7*5^ (1 cc.) and 
added to a liormoiie solution at pjj 7*5 (0*5 cc., coiitaiiiiiig 200 units per cc.), 
Tlie mixture was at once diluted to 5 cc. and mixed. Control and sample portions 
(1*0 cc.^each) were removed into 2*5 cc. flasks, tlie procedure being as described 
above. Tlie pjj remained constant at 7*5, 

For assay a portion of ©acb stock sample (0*25 cc.) was diluted to 10*0 cc. 
at 7*5. These solutions would have been equivalent to 0*2 unit per cc. if ^no 
inactivation had occurred, and were compared with a thousand-fold dilution 
of the stock hormone solution. The results are given in Table IV and Fig. 2, R. 


Table IV, 

Time (liours) 0 0-5 1 4 

Activity present (%) 90 34 7 0-S 

The action of yeast proteinase preparations. 

The eiizvm© solution was prepared from Dutch baker’s yeast and contained 
considerable quantities of protemase, some amiiiopol 3 ^peptidase and traces of 
dipeptidase (Table V). A second solution was prepared by adjusting the reac- 
tion of part of the first solution to p^ 10 with ammonia, niamtaiiiing it thus 
for 2 hours at 18° and then re-adjusting the p-^tol\ this destroyed the dipepti- 
dase and reduced the proteinase and aminopolypeptidase activities (Table V). 


Table V. 

The conditions for the estimations were those custoinarib^ used for these enzymes. 
The figures show the proteotytic activity before and after treatment at Pn 1^1* 


Enzymes 

Dipeptidase 

Aminopoly- 

pepticlase 

Proteinase 

Proteinase solution 

0*5 cc. diluted 

0-5 cc. diluted 

1-0 cc. diluted 


to 2*5 cc. 

to 2’5 cc. 

to 5*0 cc. 

Substrate 

d^Leucyl- 

glycine 

d^Leucyiglycyl- 

glycine 

Gelatin 

Increase in activity of 1 cc. portions 

Before After 

Before ilfter 

Before After 

after 20 hrs. (cc. A720 KOH) 

o 

o 

6 

o 

o 

0-83 0-60 

0-65 0-35 


Experiments on the inactivation of the hormone were carried out with these 
enzyme solutions at p^ 7 and at 5, the normal optimum of yeast proteinase. 
The procedure was identical in each case. At pjj 5 buflering was effected by 
ilf/50 sodium citrate buffer and at pjj 7 by if/30 sodium phosphate. The 
hormone solution (6*7 cc. containing 4*5 units per cc.), buffer solution (1 cc. of 
ilf/5 citrate or ilf/3 phosphate) and ©nzjune solution (2 cc.) were mixed and 
diluted with water to 10*0 cc. at the required pg- (5 or 7). A control sample 
(1*5 cc.) was instantly removed, heated for 3 minutes in a boiling water-bath 
and placed in a thermostat at 40°, m which the remainder of the reaction 
mixture had meantime been immersed. Further samples (1*5 cc. each) were re- 
moved at the same intervals in each case and were diluted to 2*5 cc. at pg 3*5 
as usual. 

The reaction mistures of the experiments at pg 5 were shown to contain 
after 24 hours an amount of proteinase comparable with that present at the 
begnming of the experiments ; an accurate estimation was impossible, but more 
than 75 % was present. 
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Tlie oxytocic assays were all made by comparing the activities of dEutioiis 
of the stock samples (1 cc. to 10 cc.) at 7*5 with a dilution of the stock 
hormone solution (0-4 cc. to 10 cc.) ; the activities of these dilutions v/oiild have 
been the same (0*18 unit per cc.) if no inactivation had occurred. The results are 
given ill Table VI and Pig. 3. 

Table VI. 

Enzyme before treatment Enzyme after treatment 


Tiiii6 

a 

't- Ph ie 

at p^ 10 

A 

iioiirs 

At Pii 5 

At 7 

{ ^ 

At pjj 5 At ph ' 

Control 

100 

82 

100 86 

1 

60 

1-6 

82 2-2 

4 

7*5 

About 1 

60 About 1 

24 

1-5 

About 1 

8 About 1 


Hours 


Fig. 3. Proteinase solutions: A and A \ enzyme solution before partial inactiyation at 10, 
B and B', enzyme solution after partial inactivation at 10; A and B, exp. at p^ 7; 

and H', exp. at 


The yeast enzyme which inactivates the hormone has a stability at 10 com- 
parable with those of aminopolypeptidase and proteinase, but it is more stable 
than dipeptidase. 

Action of a papain preparation. 

The enzyme material used was a British Drug Houses’ preparation of papain, 
the proteolytic activity of which was determined as follow's. 10 mg. of the 
preparation acting in -blie absence of hydrogen cyanide on gelatin in 10 cc. of 
solution at Pjj 5 under the conditions of yeast proteinase estimations caused 
an increase in acidity in 5 hours correspondmg to 0*84 cc. of Y/20 KOH for each 
sample of 1 cc. 

solution of this papain preparation (20 mg.) in Jf/3 sodium phosphate 
buffer at p-^ 7*5 (2 cc.) was added to a hormone solution (8 cc.) containing 
1*5 units per cc. A control sample (2*0 cc.) was immediately removed, the 
remainder of the experiment being carried out in accordance with the usual 
procedure; all samples were diluted to 2*5 cc. at pjj 3*5. The remained 
constant at 7-5. 

For assay a dilution of each sample (1*88 cc. in 10 cc.) was compared with 
a dilution of the stock hormone solution (1*2 cc. in 10 cc.); these solutions 
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would have had the same activity (0-18 unit per cc.). The results are given in 

Table VII. ^ 

Table VII. 

Time (hours) 0 1 ^ 24 

Activity present (%) 40* About 1 About 1 About 1 

* Very rapid inactivation had taken place owing to the high activity of the enzyme preparation. 


Effect of hydrogen ion concentration on the rate of inactivation of the hormone, 

(^) Dipeptidase preparation from English hrewefs top yeast. A solution of 
the eiiz3rm© (2-5 mg., contaiiiing 0-13 unit of dipeptidase, 0*04 unit of aniiiio- 
poIypGptidaso and no protoinaso) in wator (0*5 cc.) was added to a mixtiir© of 
iioiinoiie solution (0*5 cc., containing 76*8 units per cc.) and ilf/3 sodium phos- 
phate buffer at the required reaction in a graduated flask (2*5 cc.). ikfter the 
contents of the flask had been mixed, a control sample (1*0 ec.) w^as immediately 
removed into a graduated flask (2*5 cc.), which was immersed in a vigorously 
boiling water-bath for 3 minutes to destroy the enzyme, cooled to about 40° 
and placed in a thermostat at 40°. The remainder of the experimental solution 
had meantime been placed in the thermostat, and after 20 iniiiutes a sample 
was removed and treated as described above. The reaction of the liquid re- 
maining in the flask was then determined, and this value taken as the pg of 
the experiment; in practice, this seldom varied from the initial reaction. The 
samples were then removed from the thermostat, diluted to 2*5 cc. with 2*5 Jf 
acetic acid and w^ater (finally at p-^ 3*5) and preserved at 0° for assay. 

Experiments were carried out at p^ 5*7, 6*5, 8*3 and 9*5. Samples were 
assayed against the corresponding control solutions, 0*52 cc. of each being 
diluted to 20 cc. at p^^ 7*5; this dilution would have contained 0*16 unit per cc. 
Several control solutions were assayed against a dilution of the stock hormone 
solution and w^ere shown to be unaltered or to have suffered only slight inactiva- 
tion. The results are given in Table VIII and Eig. 4. 

Table VIII. 

Ph 5*7 6-5 7*5 8-3 9*5 

Inactivation (%) 15 29 39 29 14 

{B) Proteinase solution from Dutch yeast. TO ec. of the proteinase solution 
used contained less than 0*005 unit of dipeptidase, 0*05 unit of aminopoly- 
peptidase and that quantity of protemase which in 19 hours caused an increase 
in the acidity of a 1*0 cc. sample corresponding to 0*85 cc. of V/20 KOH, when 
acting on gelatin in a volume of 2*5 cc. of mixture under the conditions of the 
proteinase estimation. 

The proteinase solution (TO cc.) at the required reaction was added to a 
hormone solution (TO cc., containing 38*4 units per cc.) wliicli had been adjusted 
to the required The mixture was rapidly diluted to 2*5 cc., and a control 
sample (TO cc.) was removed. The procedure in these experiments was that 
described in the case of the dipeptidase preparation, except that the samples 
were incubated for 30 instead of 20 minutes. Experiments were carried out at 
p^ 5*2, 6*0, 7*0, 8*0 and 9*0. 

Each control sample was assayed against a dilution of the stock hormone 
solution containing 0*16 unit per cc., the control solution (0*52 cc.) being diluted 
to 20 ec. at p^ 7*5 (0*16 unit per cc. for no inactivation). Each sample was 
assayed against its control sample. The results are given in Table IX and Eig. 4. 
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(G) Papain preparation, B.D.H. Tli© papain preparation (2*5 mg., liaYing 
tt© same activity as that described on p. 1243), dissolved in water (0*5 cc.), 
was added to a mixture of a hormone solution (0-5 cc., containing 156 units 
per cc.) and Jf/3 sodium phosphate buffer (1*5 cc.) at the requned reaction. 
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Fig. 4. Enzyme preparations : dipeptidase; proteinase; d, papain. 

Fig. 5. d, yeast dipeptidase (substrate leucylglycine) [Willstatter and Grassmann, 1926]; 
yeast aminopolypeptidase (substrate aianylglycylglycine) [Grassmann, 1927]; C\ yeast 
proteinase (substrate gelatin) [Grassmann and Dyckerhoff, 1928]; D, yeast proteinase (sub- 
strate fibrin) [Grassmann and Dyckerbofi, 1928]; E, papain (substrate gelatin) [Willstatter 
and Grassmann, 1924]. 

Table IX. 

Pk 

Inactivation in control (%) ... 

Inactivation in exp. assayed against control (%) 

The procedure was as described above, the control and sample portions measuring 
1-0 cc.j and the period of heating being 30 minutes. Experiments were carried 
out at pjj 5*2, 5*8, 7*0, 7“5, 8*0 and 9*0. 

A, 11 samples were assayed against the corresponding controls; 0*2 cc. of each 
was diluted to 10*0 cc. at 7*5, and would thus have contained 0*25 unit 
per cc. The assay of the control samples against a dilution of the stock hormone 
solution showed that they had undergone little or no inactivation. The results are 
given in Table X and Fig. 4. 

Table X. 


5*2 

6-0 

7*0 

8-0 

9-0 

0 

11 

19 

19 

16 

11 

37 

62 

57 

36 


Inactivation (%) 


Oxytocic activity remaining after treatment of the hormone 
with the inactivating enzyme. 

The enzjone used was prepared from English brewer’s top yeast, and 200 mg. 
contained io-2 units of dipeptidase, 2-8 units of aminopolypeptidase and no 
proteinase. A hormone solution (2'0 co., containing 200 units pei’ cc.) was ad- 
justed to 7-8 and mixed with a solution of the enzyme preparation (200 mg.) 
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in Jf/S sodium phosphate buffer at 7*8 (2*5 cc.) and water (2-5 cc.). The 
■mixture w^as. immediately 'diluted with water to lOdl cc. A control sample 
(1*5 cc.) was removed as rapidly as possible into a 2-5 cc. flask which was 
immersed in a boding water-bath. The procedure abeady described was followed, 
other samples being taken at appropriate intervals. The reaction remained con- 
stant at 7-8 during the* experiment, and after 24 hours about 40 % of the in- 
itial dipeptidase activity and 90 % of the aminopolypeptidase activit3r remained. 

For assajr the samples (2-0 cc.) were diluted to 5 cc. atp^ 7-5 and compared 
with a thousand-fold dilution (0-2 unit per cc.) of the stock hormone solution. 

’ Theoretically, therefore, the dilutions of the samples used for the assa}^ would 
have contained 60 times as much active substance as the standard if no inacti- 
vation had occurred. The control solution was diluted a liiiiidred-fold for assay, 
thus containing 0*3 unit per cc. The results are given in Table XI. 

Table XI. 

Time (hours) 0 0-25 0*5 1 24 

Activity present (%) 23 1-0 0-7 0*7 0-7 

This residual activity of 0-7 % "was not due to histamine present as such in 
the stock hormone solution. In view of the method used to prepare this solution, 
it was unlikely that histamine should be found, but it was not impossible that 
traces might have been present as a result of adsorption on, or occlusion hj, 
precipitates during the preparation. The oxytocic value of histamine in terms 
of hormonal activity having been ascertained as approximately 1 -25 international 
standard units per 0*1 mg., the effect was investigated of heating at 11 for 
1 hour under similar conditions (a) a hormone solution containing 400 units, 
and (b) a histamine solution contaniing that quantity of base which had an 
activity approximately equivalent to 4 units {i.e. 1 % of the initial activity of 
the hormone solution). This treatment is w^eli kiiowm to inactivate the hormone. 
If the activity remaining after prolonged treatment of the hormone with the 
inactivating enzyme was due to histamine, the hormone and histamine solutions 
should both have undergone inactivation to about the same value. In actual 
fact, however, the activity of the hormone solution fell practically to zero — 
definitely less than 0-016 unit, or 0-4 % of the activity remaining after pro- 
longed enzymic inactivation. The activity of the histamine solution, on the 
other hand, was lowered only to 2 units, or 50 % of its initial value. 

SUMMAEY. 

1. The hormone is inactivated preparations of yeast dipeptidase, aniiiio- 
polypeptidase and proteinase. 

2. None of these enzymes is responsible for the inactivation, which is caused 
by a fourth enzyme present in these preparations. This has a pjj-optimum at 
Ph 7*4. 

3. Papain preparations also contain the same enzyme. 

4. The enzj^me does not inactivate the hormone completed. There remains 
an activity of 0-7 % of the initial value; this is not caused b^^ histamine present 
in the stock hormone solution, but is believed to be due to a derivative of the 
hormone produced by the action of the enzyme. 

Our thanks are due to Dr W . Grassmann of Munich for gifts of dipeptidase 
and aminopolypeptidase, and to Messrs Boots Pure Drug Company, Nottingham, 
who generously presented the posterior lobe powder used in this work. 
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CLXVIIL THE FORMATION OF HYDROGEN 
PEROXIDE IN CATALYTIC 
DEHYDROGENATION. 

By THOMAS FOTHERINGHAM MACRAE i. 

From the Biochemical Departme^it, Lister Institute^ London. 

{Received June 28th, 19 SS,) 

Accordhstg to Wielaiid’s deliyclrogenation theory [1922, 1, 2; 1932] eiizjrmic 
oxidation is effected by removal of hj^drogeii, the function of the enzyme 
being to activate certain h3^drogeii atoms of the substrate molecule and thus 
render them capable of removal by a hydrogen acceptor (oxj^gen, methylene 
blue, qiiinones and other substances). This theory is strongly supported by 
experimental evidence, perhaps the most important being the fact that the 
dehydrogenating enzymes exhibit marked specificity towards substrates but no 
specificity towards hj^-drogen acceptors. According to Wieland, catalytic de- 
hydrogenation, such as that effected b}" the metals of the platinum group, is 
strictly analogous to enzymic deh^Thogenation and is dependent on the acti- 
vation of certain hydrogen atoms in the molecules by the catalysts and the 
subsequent removal of these hydrogen atoms by a hychogen acceptor. It has 
been postulated that the hydrogen activations brought about b^?’ the deliydrases 
and the metallic catalysts 'are effected by the enz^mie or catalyst forming a 
molecular complex with the substrate molecule resulting in the weakening of 
the bonds holding certain of the hydrogen atoms. The combination of hydrogen 
and oxygen, catalysed by the metals of the platinum group, is effected in a 
similar manner; a catalyst-hydrogen complex is first formed resulting in the 
activation of the hydrogen, followed by its subsecjiient removal from the com- 
plex by the oxygen. 

In aerobic dehydrogenations with both enzymes and catalysts the formation 
of hydrogen peroxide is demanded, the first step being the addition of the 
activated hydrogen atoms to the double bond of the oxygen molecule 

RH2 + 02->R-fH20,>. 

In the aerobic dehydrogenations of xanthine and aldehydes in presence of their 
respective deliydrases it has been proved that hydrogen peroxide is formed 
[Wieland and Rosenfeld, 1929 ; Wieland and Macrae, 1930], and it is therefore 
probable that it is formed in all enzymic aerobic dehjMrogenations ; hydrogen 
peroxide is also an intermediate in the catalytic combination of hydrogen and 
oxygen [Hofmann, 1922 ]. The aim of this investigation was to establish that 
hydrogen peroxide is formed in catalytic dehydrogenation, as is demanded by 
the dehydrogenation theory. The catalytic dehj^^drogenatioii of alcohols to 
aldehydes [compare Wieland, 1912 ], which in itself is perhaps the most important 
dehydrogenation, has been investigated. 

^ Lister Institute Research Student in Biochemistry. 
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Difficulties in proving the intermediate formation of hydrogen peroxide in 
the aerobic dehydrogenation of alcohols were to be expected for the following 
reasons. Palladiiiiii black and the other catalysts of the platinum group decom-** 
pose hydrogen peroxide very rapidly into water and oxj^gen [Wieland, 1921]. 
It is very probable that hydrogen peroxide might compete successfiiUy mth 
ox^T^geii as h3ffirogen acceptor in the dehydrogenation of further quantities of 
alcohol. Finalty hydrogen peroxide is capable of combining with aldehydes 
[Wieland and Wingler, 1923]. In recent years, however, cerous hydroxide has 
proved a valuable reagent for the detection of small quantities of hydrogen 
peroxide [Wieland and Rosenfeld, 1929; Wieland and Macrae, 1930; Macrae, 
1931], and it seemed possible that it might be successfully employed in this 
investigation. When a suspension of cerous h^^droxide is treated with hydrogen 
peroxide the suspension changes from white to a deep 3?'ellow- orange due to the 
formation of the very sparhigly soluble ceric hydroperoxide 

2 Ce(OH )3 + 3H2O2 2Ce(0H)300H -f 2H2O. 

The ceric ii3ffiroperoxide may be centrifuged down and estimated iodimetri- 
call^r; after some experience it is possible to estimate the amount of ceric h}ffiro- 
peroxide from the depth of the yellow coloration. Using cerous hydroxide 
10-6 jf or even less of hydrogen peroxide may be detected and 10“^ M may be 
determined with considerable accuracy. 

Prehiiiinar^r experiments on the cataljdic combination of hjrdrogeii and 
oxj^gen in presence of cerous liAffiroxide were carried out. Ceric hydroperoxide 
was formed and the observations of Hofmann [1922] have thus been verified. 
As was to be expected the ceric hjffiroperoxide formed represented onlj^ a ver}^ 
small percentage of that demanded by theory, the greater part of the hydrogen 
peroxide being decomposed or reduced to water before it could combine with the 
cerous h^ffiroxide. 

When aqueous solutions of ethyl alcohol and methyl alcohol containing 
cerous hydroxide in suspension were shaken with air in presence of a specially 
prepared palladium black, a small yield of ceric hydroperoxide was produced, 
thus demonstratmg that hydrogen peroxide is formed in the aerobic catatytic 
dehydrogenation of these alcohols to. the corresponding aldehydes. The reaction 
therefore proceeds accordmg to the equation : 

R.CH2OH -f O2 -> R.CHO + HA- 

This provides substantiation of the Wieland dehydrogenation theor}^. The 
catalytic dehydrogenation of other compounds will be investigated. 

ExPEEIMEXTAL. 

Preparation of the catalyst. Palladium black has been used throughout this 
investigation. The method of preparation employed was that of Willstatter and 
Waldschmidt-Leitz [1921], It was found that immediately after preparation 
the catalyst was quite unsuitable for this work, being much too active. The 
palladium was therefore stored in a desiccator over potassium hydroxide and 
sulphuric acid for about 2 months ; after that time the activity of the catalyst 
had fallen very considerably, but it still retained the power of catalysing the 
combination of hydrogen and ox^^-gen and it also slowly effected the aerobic 
dehydrogenation of methyl alcohol and ethyl alcohol. Different preparations 
varied greatly in their suitability for this investigation. 

Determination of ceric hydroperoxide. Ceric hydroperoxide may be estimated 
with considerable accuracy by colorimetric comparison with standard sus- 
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poiisioiiSj bill} coiifirio.s>tioii by ^ titrs^tion ni6tliocl wSjS dosirSfbl©. Tli© 

method described for tlie determination of ceric hydroperoxide by Wielaiid and 
Macrae [1930] requires catalase and therefore is not coiweiiieiit. It was found, 
however, that this compound may be directly titrated iodimetrically, and 
although absolute accuracy is not obtained by this method, it was considered 
sufficiently accurate for these experiments. 

When ceric hydroperoxide is decomposed 'by mineral acids it is converted 
into ceric salt and hydrogen peroxide (equation i). lodimetric detemiinatioii of 
the ceric salt and hydi'ogen peroxide is unfortunately impossible because a rapid 
interaction occurs between the ceric salt and the hydrogen peroxide resulting in 


the liberation of oxygen (equation ii). 

Ce( 0 H) 300 H -> Ce^^^ d- ...... (i). 

2Ceiv -f HA “> 0^ + . • . ......(ii). 


Wlien, however, the ceric hj^droperoxide is decomposed by very dilute acetic 
acid in presence of potassium iodide, the liberation of oxygen is almost com- 
pletely suppressed, and if the liberated iodine is immediately titrated with 
sodium thiosulphate fairly consistent results are obtained. ITiider these con- 
ditions it is only the ceric salt which hberates iodine; the liberation of' iodine by 
hydrogen peroxide is very slow and majr be ignored. 0*02 M ceroiis sulphate 
(2 cc.) was treated with 0*16 M sodium borate (2 cc.) and to the resulting 
suspension of cerous hydroxide 0*0079 M hydrogen peroxide (1 cc.) was added. 
After 10 minutes the yellow coloured mixture of cerous li 3 xlroxide and ceric 
hj^droperoxide Avas centrifuged dovm, washed once vith water and suspended 
in water (2 cc.) containing a few drops of M potassiiini iodide. Jf acetic acid 
(0*5 cc.) and two drops of a starch indicator solution' were added, and the mixture 
was stirred. The suspension dissolved, and after 30 seconds the solution was 
titrated vdth 0*01 sodium thiosulphate. In 6 experiiiieiits the titrations were 
0*52, 0*50, 0*58, 0*56, 0*48 and 0*52 cc. of 0*01 sodium thiosulphate — the 
theoretical value being 0*53 cc. 

The catalytic combination of hydrogen and oxygen. 0*02 If cerous sulphate 
(2 cc.) was added to several aggregates of palladium black (about 50 mg.) in the 
vessel (100 cc.) of a shaking apparatus. After about 1 minute 0*16 Jf sodium 
borate (2 cc.) was added, which precipitated cerous li 3 ulr oxide. The vessel was 
filled with a mixture of equal parts of hydrogen and air and was connected to a 
gasometer. The mixture w^as then shaken gentty so that oiii 3 " a swirling motion 
was obtained, and the aggregates of palladium remained at the bottom of the 
vessel whilst the cerous hydroxide remained in suspension. There was a gradual 
absorption of gas, and after about 2 hours 15 cc. had been absorbed, and iiieaii- 
time there had been a gradual development of a yellow coloration due to the 
formation of ceric hydroperoxide. The cerous Inulroxide-ceric liyuiroperoxide 
suspension was decanted from the paUadium and estimated 1 ) 3 ^ the methods 
described above. This experiment wus repeated several times (Table I). Other 
experiments were carried Out using finely divided preparations of a more active 
catalyst. A more rapid absorption of gas was thus obtained, but no development 
of a yellow coloration was noted, partty because of the masking effect of the 
palladium black which formed a fine suspension. In these experiments only a 
very shglit liberation of iodine resulted on centrifuging, washing and dissolving 
the cerous hydroxide in acetic acid in presence of potassium iodide ; it is probable 
that the paUadium effected almost complete decomposition of the hydrogen 
peroxide before it could combine with the cerous ii 3 ?'droxide. 
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’Palladiuiii 

0-02 21 
cerous 

Table I. 

0-16 21 
sodium 

Gas 

Mols. of 
hydrogen 
peroxide 
estimated 
colori- 

Mols. of 
hydrogen 
peroxide 
estimated 
iodi- 

black 

sulphate 

borate 

Time 

absorbed 

nietrically 

metrieally 

X 10"^ 

nig. 

cc. 

cc. 

hours 

cc. 

X 10-s 

50 (feebly active) 

2-0 

2-0 

2 

21 

0*45 

0-43 

50 

2-0 

2-0 

2 

16 

0*45 

0-37 

50 

2-0 

2*0 

i 

10 

0*30 

0*28 

50 

2-0 

2*0 

2 

15 

0*45 

0-49 

50 (active) 

2-0 

2*0 

0*5 

30 

— 

<0-05 

50 „ 

2-0 

2*0 

0*5 

28 

— 

<0-05 

— 

2-0 

2*0 

4 

0 

0 

0 

— 

2-0 

2*0 

4 

0 

0 

0 


Control experiments were carried out in tlie absence of palladium. Here 
there was no measurable absorption of gas and the ceroiis hydroxide suspension 
remained white ; on subsequent treatment as above with acetic acid and potas- 
sium iodide it gave no liberation of iodine. 

The amount of hydrogen peroxide obtained as ceric hydroperoxide represents 
onty a very small percentage of the theory (about 1 %), hut there is little doubt 
that the first step in the combination of hydrogen and oxygen results in the 
formation of hydrogen peroxide. 

The catalytic dehydrogenation of methyl alcohol, 0*02 M cerous sulphate (2 cc.) 
was added to aggregates of palladium black (50 mg.) in the vessel of a shaking 
apparatus. After 1 minute 0-16 Jf sodium borate (2 cc.) was added and then pure 
methyl alcohol (0*5 cc.). As in the previous experiments the contents of the 
vessel were then gently shaken with ah so that a swirling motion was obtamed 
and the palladium remained at the" .bottom of the vessel whilst the cerous 
hydroxide remained in suspension. There was a slow absorption of gas and after 
several minutes the characteristic yellow colour of ceric hydroperoxide appeared 
and became more intense as the sliaidng continued. After about 5 hours 5 cc. 
of oxygen had been absorbed. The cerous hydroxide- ceric hydroperoxide 


Palladium 

0*02 21 
cerous 

0*16 21 
sodium 

Table II. 

Methyl 


Oxygen 

Mols. of 
hydrogen 
peroxide 
estimated 
eolori- 

Mols. of 
hydrogen 
peroxide 
estimated 
iodi- 

black 

sulphate 

borate 

alcohol 

Time 

absorbed 

metrically metric ally 

mg. 

cc. 

cc. 

cc. 

hours 

cc. 

X 10-s 

X 10”'^ 

50 (feebly active) 

2*0 

2*0 

0*5 

3 

3-5 

0*45 

0*39 

50 

2*0 

2*0 

0*5 

5 

5*0 

0*52 

0*51 

50 

2-0 

2*0 

0*5 

5 

6-0 

0*60 

0*63 

50 ,, 

2*0 

2*0 

0*5 

5 

6-2 

0*75 

0*72 

50 (active) 

2*0 

2*0 

0*5 

2 

9-5 

— 

0*05 

50 ^ „ 

2*0 

2*0 

0*5 

2 

10-0 

— 

0*06 

50 (feebly active) 

2*0 

2*0 

— 

5 

0 

0 

0 

50 

2*0 

2*0 

— 

5 

0 

0 

0 

— 

2*0 

2*0 

0*5 

5 

0 

0 

0 

— 

2-0 

2*0 

0*5 

5 

0 

0 

0 


suspension was decanted from the palladium and the characteristic odour of 
formaldehyde was perceptible. The ceric hydroperoxide was determined colori- 
metrically and iodimetrically as in the previous experiments. The experiment 
was repeated several times (Table TI). Experiments using a more active finely 
divided catalyst were less successful. The following control experiments were 
carried out : cerous hydroxide and palladium black were shaken for 5 hours with 
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air ; cerous hydroxide and methyl alcohol were shaken for 5 hours with air in 
the absence of palladium black. In both these experiments no oxygen was 
absorbed, no yellow coloration developed and no iodine was liberated in the 
iodimetric estimation. 

The yield of ceric hydroperoxide represents about 1 % of the theory. 

The catalytic dehydrogenation of ethyl alcohol. The procedure was the same as 
in the experiments with methyl alcohol. Pure ethyl alcohol was used and a slow 
absorption of oxygen accompanied by the development of the characteristic 
yellow colour of ceric hydroperoxide resulted. At the end of the experiment the 

Table III. Mols. of Mols. of 

hydrogen hydrogen 


Palladium 

0-02 Jf 
cerous 

0-16 if 
sodium 

Ethyl 


Oxygen 

peroxide 

estimated 

colori- 

peroxide 

estimated. 

iodi- 

black 

sulphate 

borate 

alcohol 

Time 

absorbed 

metrically metrically 

mg. 

cc. 

ce. 

cc. 

hours 

ec. 

xlO-^ 

X 10"S 

50 (f eeblv active) 

2-0 

20 

0-5 

5 

5-8 

. 0-67 

0-66 

50 

2-0 

20 

0-5 

4 

5-0 

0-60 

()'53 

50 

2-0 

2-0 

0*5 

4 

4-8 

0-60 

0*57 

50 ' „ 

2-0 

2-0 

0‘5 

3 

4-0 

0-45 

046 

50 (active) 

2*0 

20 

0-5 

2 

11-0 



0-04 

50 „ 

20 

20 

0-5 

1-5 

8-5 

— 

0*06 

— 

2*0 

2-0 

0*5 

5 

0 

0 

0 

— 

2-0 

2-0 

0-5 

5 

0 

0 

0 


odour of acetaldehyde was percejDtible. The ceric hydroperoxide was estimated 
as in the experiments mth methyl alcohol (Table III). As before an active finely 
divided catalyst was less suitable. A control experiment without paHadiiiin gave 
no gas absorption, no yellow coloration and no iodine liberation in the iodimetric 
determination. 

Summary. 

1. It has been verified that hydingen peroxide is formed intermediately in 
the catalytic combination of hydrogen and oxygen. 

2. ^ Hych'ogeii peroxide has been detected in the catalytic aerobic dehydro- 
genation of methyl alcohol and ethyl alcohol. The Wieland theory of dehydro- 
genation is thus substantiated. 

I am indebted to Dr J. M. GuUand for advice. 
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CLXIX. THE INFLUENCE OF VARIATIONS IN 
SYSTEMIC ACID-BASE BALANCE UPON 
CARBOHYDRATE TOLERANCE IN 
NORMAL SUBJECTS. 

By GEOFFREY THOMPSON\ DAVID MICHAEL MITCHELL 
AND LAWRENCE COLEMAN KOLB. 

From the Department of Physiology and Biochemistry , Trmity College^ Dublin, 
{Received June 29th, 1933.) 

The relationship of changes in acid-base balance of the blood to carbohydrate 
storage has attracted the interest of several workers. Elias [1913], working 
with dogs, show^ed that the admmistration of HCl by mouth was followed by 
hyperglycaemia and glycosuria. Underhill [ 1910 ] showed that administration 
of acid tended to raise the blood-sugar, whereas alkalis reduced it. Hendiis 
and Me Amis [1924] found that the alkalosis produced in dogs by the injection 
of hydrazine sulphate was associated with hypogtycaemia. Peters and Geyelin 
[1917], stud 3 dng adrenaline hyperglycaemia in three human diabetics and' two 
normal subjects, suggested that the hypergtycaemia and glycosuria were the 
results of an intermediate acidosis. Haldane [ 1924 ] reports “an upset of carbo- 
hydrate metabolism like that of diabetes” during the alkalosis induced by over- 
breathing or alkali mgestion. This observer also states that during ammonium 
chloride acidosis the ingestion of 100 g. of glucose produced hjT-perglycaemia 
and glycosuria. 

The subject is one of considerable interest owing to the association of severe 
acidosis with human diabetes. It seems possible that the acidosis of diabetes, 
which is incidentally the severest acidosis met with in human beings exce|)t for 
some cases moribund from uraemia, may have a contributory effect upon the 
changes in carbohydrate metabolism encountered in this disease. Unfortunately 
most of the experimental work up to the present suffers from the obvious draw- 
back of having been performed on iaborator^^ animals and not on the human 
subject. 

The object of the present investigation was to study carbohydrate tolerance 
in young healthy male adults during experimental acidosis of a degree com- 
parable to that encountered in severe untreated diabetes. Such an acidosis can 
readily be induced by the oral mgestion of massive doses of ammonium chloride 
[Haldane, 1921]. Similar observations were performed on the same subjects 
during alkalosis induced by the ingestion of large amounts of sodium bicar- 
bonate. 

Method. Diet was kept constant throughout, except as regards water and 
salts. Metabolic changes occurring during acidosis and alkalosis were followed 
by estimations of the 002 - combining power of the blood-plasma and of the 
total daily excretion of acid, chloride and ammonia in the urine. In each case 
there was a preliminary control period on normal diet, followed b}^ a period of 

1 Rockefeller Research Fellow in Biochemistry. 
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Table I. Urine analyses. 


Total daily output 


Volume 
Day cc. 

Subj(3cfc 1 : 


Acid 

cc. 

iV/10 

NaOH 


Ammonia COo 

Chlorides plasma 
g. vols. 

NaCl % 


cc. 

iV/lO 

NaOH 


1 

1325 

239 

599 

11-6 

— 

2 

1530 

201 

563 

8-75 

— 

3 

1220 

220 

488 

4-9 

63 

4 

1710 

400 

974 

16-2 

— 

5 

2 (;o(j 

520 

1625 

27-0 

— 

6 

I960 

643 

2399 

24-5 

— 

7 

1(1)0 

376 

1972 

9-3 

33 

8 

915 

208 

431 

6-9 

— 

9 

760 

207 

403 

4-1 

— 

10 

1090 

76 

2S3 

5-7 

— 

11 

2030 

41 

81 

2-4 

. — 

12 

2500 

Nil 

51 

3-9 

— 

13 — 

Subject 2 ; 




68 

1 

— 

— 

— 

— 

52 

C) 

1020 

379 

388 

9-4 

— 

3 

1130 

289 

378 

13-6 



4 

1025 

291 

394 

10-5 



5 

2320 

483 

724 

18-7 



6 

2420 

600 

1142 

29-6 



7 

2030 

665 

1697 

26*1 



8 

— 

— 

— 

— 

32 

9 

870 

390 

313 

9-2 



10 

1390 

234 

289 

14-2 



11 

1680 

275 

262 

14-4 



12 

2050 

156 

172 

10-9 



13 

2510 

80 

90 

14-4 



14 

2690 

81 

83 

14-8 



15 — 

Subject 3 : 




57 

1 

— 

— 




66 

2 

1130 

429 

760 

15 

3 

1205 

414 

733 

14 

— 


4 

5 

6 

7 

8 
9 

.10 

11 

12 

13 


1330 

2080 

2490 

2170 

2470 

1385 

1600 

2310 

2360 


463 

649 

936 

1068 

929 

526 

307 

129 

Nil 


734 

1440 

1972 

2930 

3359 

1233 

678 

286 

Nil 


16 

30 

36 

35 

39 

7 

8 
13 

9 


38 


68 


Ammonium 
chloride or 
sodium 
bicarbonate 
ingested 


Nil 

Nil 

Nil 

15 g. NH,C1 
20 g. NH 4 CI 
17g. NH 4 CI 
Nil 
Nil 
Nil 

20 g. NaHCO. 
40 g. NaHCO, 
70 g. NaHCO; 


Nil 

Nil 

Nil 

Nil 

NH 4 CI 

NH 4 CI 

NH 4 CI 

Nil 

Nil 

Nil 

Nil 

NaHCOg 

NaHCOa 

NaliCOa 

Nil 


15 

20 g. 
20 g. 


20 g. 
20 g. 
20 g. 


20 g. 
20 _ 
20 g. 
20 g. 

25 g. 

20 g. 

25 g. 
30 g. 


Nil 

Nil 

Nil 

NH4CI 1 
NH,Cl ! 
NH 4 CI f 
NH,Cl J 
NH4CI 
Nil 

NaHCOs 

NaHCCb 

NaHCOa 


Remarks 


Control glucose tolerance test 
Symptoms: headache, insomnia; continuous 
nausea, no actual vomiting. No dyspnoea. Onlv 
17 g. on account of nausea. Better next day ^ 
Acidosis glucose tolerance test ^ 


Symptoms : marked thirst, otherwise nil 
Alkalosis glucose tolerance test 

Control glucose tolerance test 


Salivation; slight nausea 
Nausea more marked ; watery diarrhoea 
Headache; severe nausea; vomited at 3 a.m. 
Acidosis glucose tolerance test 


Symptoms nil 

Alkalosis glucose tolerance test 
Control glucose tolerance test 

Symptoms nil except for increased salivation 

Acidosis glucose tolerance test 

Symptoms nil 
Symptoms nil 

Symptoms: marked tingling in hands and feet 
Alkalosis glucose tolerance test 


acidosis and finally a period of alkalosis^ diet being kept constant tliroiiglioiit. 
Glucose tolerance was estimated during each period by following the changes 

m venous blood-sugar after the oral ingestion of 100 g. of A.R. standard 

dextrose dissolved in 250 cc. of water. Specimens of blood were withdrawn at 
lo-minute intervals during the first hour of the test, and then at 30-minute 
mtervals. Lrme specimens were examined for reducing substances at half-hour 
mtervals. 

Unne analysis. A. Quantitative. 

(1) Total acidity by Polin’s method. 

(2) Ammonia by Malfatti’s formaldehyde titration method. This includes 

ammo-acids. 

(3) Chlorides by Volhard’s method. 


Venous blood-sugar in mg. per 100 cc. 
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B, Qualitative. 

(1) Protein by salicylsiilphonic acid. 

(2) Sugar by Benedict’s qualitative method. 

(3) Ketone bodies by Rothera’s method. 

Blood-sugar was determined in specimens of venous blood by Folin and 
Wu’s colorimetric method. The figures obtained include non-giiicose reducing 
substances [Herbert and Groen, 1929]. 

Induction of acidosis. This was accomplished by the ingestion of ammoiiiuin 
chloride in 2 % solution. The total amounts taken were 52 g., 55 g. and 105 g. 
ill 3 days. 

Induction of alkalosis. Sodium bicarbonate' suspended in water was ingested 
in amounts as shown in Table I. The mixture was stirred up and immediately 
swallowed. Thus in spite of low solubihty 5 or 10 g. could he taken in a small 
volume of water. 



Hours after ingestion of 100 g. glucose. 
Glycosuria nil throughout. 



Hours after ingestion of 100 g. glucose. 
Glycosuria nil throughout. 


Fig. 1. Blood-sugar curves in subject 1. 


Fig. 2. Blood-sugar curv'es in subject 2. 



Hours after ingestion of 100 g. glucose. 
Glycosuria nil throughout. 


Fig. 3. Blood-sugar curves in subject 3. 

Determination of C02-comhining power of plasma. In each case this deter- 
mination was performed on the first specimen of blood (fasting) taken for the 
glucose tolerance test. About 5 cc. of venous blood were rapidly withdrawn 

79—2 
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uiicler oil witliouli st&sis, oxarlattod. s^nd. rsipidly cGntiifugcd uiidGr oil. Tlio plasma 
■was sucked off and equilibrated witb the subject’s own alveolar air. The CO^ 
content of 1 cc. of equilibrated plasma was then determined in the Van Slyke 
apparatus, duplicate determinations being performed in each case. Results, 
after appropriate corrections for temperature and pressure, are shown in Table I. 


vi 



Discussion and conclusions. 

It was found possible by the ingestion of large amounts of ammonium 
chloride to reduce the alkali reserve of the blood-plasma to a level comparable 
with that found in diabetic coma and to raise the urinary excretion of acid by 
100-200 % and of ammonia by 300 %. The acidosis so produced caused a 
definite failure in glucose tolerance, shown by hyperglycaemia and slow return 
of the blood-sugar to fasting level following glucose ingestion, but without any 
trace of glycosuria. These points are strikingly shown in subjects 1 and 2, but 
are less marked though still apparent in subject 3 for whom the curves for venous 
blood tend to be of a fiat type. The absence of glycosuria is surprising in view 
of the fact that in two of the subjects the blood-sugar level exceeded what is 
usually regarded as the normal renal threshold. 

The ingestion of sodium bicarbonate in large doses, sufficient to reduce the 
urinary excretion of ammonia and acid to zero, was not followed by marked 
increase in the C 02 -combining power of the plasma. In subject 1 the last dose 
of alkali (10 g.) was taken 2|- hours before the determination of plasma-COg. 
These observations were carefully performed on three occasions with the same 
result. Palmer and Van Slyke [1917] found it necessary to raise the plasma- 
bicarbonate to 75-80 volumes % by alkali ingestion before the sum of urinary 
ammonia and titratable acid fell to zero. It appears, however, that the CO 2 - 
eombining power of the plasma may sometimes be a misleading guide to the 
extent of the total upset in acid-base balance following alkali ingestion. 

Ingestion of alkali caused very little variation in the blood- sugar response 
to glucose ingestion. There was a tendency to a sharper rise in the initial phase, 
but thereafter the curves w^ere httle different from normal. 
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CLXX. STUDIES ON THE RELATIONSHIP 
BETWEEN CHEMICAL CONSTITUTION 
AND PHYSIOLOGICAL ACTION. 

V. MOLECULAR DISSYMMETRY AND 
PHYSIOLOGICAL ACTIVITY. 


By LESLIE HILTON EASSON and EDGAR STEDJVIAN. 

From the Department of Medical Chemistry, University of Edinburgh. 

{Received June 30th, 1933.) 

WHEN’ a moleciilarly dissymmetric substance possesses pharmacological activity 
it is frequently, although not invariably, found that one optical isomeride is 
considerably more potent than the other. The work carried out on this subject 
has been reviewed by Cushny [1926], who himself made a detailed pharmaco- 
logical comparison of the antimeric adrenalines and hyoscyamines. Largely as 
a result of his studies on these substances, Cushiw regarded optical activity as 
a factor which is quite distinct from general structure in determining the 
magnitude of the specific pharmacological activity of a molecule, and this view 
is, we believe, the one which is currently held. 

Cushny regarded the difference between the physiological activities of two 
optical isomerides as analogous to the different behaviours of the antimeric forms 
towards optically active acids and was of the opinion that an explanation of 
the influence of molecular dissymmetry on physiological activity would be found 
along the lines of this analogy, possibly, for example, b}^ the more active 
isomeride forming a compound with an opticaily-active specific receptor in the 
tissues which possessed different physical properties from that formed with its 
enantiomorph. 

It is the purpose of the present communication to elaborate an alternative 
view according to which there appears to be no reason for differentiating between 
molecular dissymmetry and structure in regard to the manner in which they 
influence physiological activity. On the contraiy, it is considered that the 
different physiological activities of optical isomerides may frequently be ascribed 
to circumstances which are identical with those which cause different sym- 
metrical molecules to exhibit different physiological activities ; in other words, 
that molecular dissymmetry is, of itself, without influence on physiological 
activity, and that both it and the optical activity with which it is associated 
are accidental accompaniments, in optical isomerides, of different molecular 
arrangements which differ in their abihty to cause the development of a par- 
ticular physiological effect for precisely the same reasons that two structural 
isomerides so differ. 

Before considering any definite examples, the theoretical basis of our sug- 
gestion must be explained. This starts from the postulate that a drug is attached 
to its specific receptor in the tissues in such a mariner that a considerable 
proportion of the drug molecule is involved. If an asymmetric carbon atom is 
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Fiff. 1. 


prosGnt, tliroG of tlio groups liiikod. to this atom may bo concoriiGd, in tlio process. 
TIio exact iiaturo of tlie attaclimont is immaterial to the main argumentj but 
it is OOT view that this may be effected either by normal valencies or by ad- 
sorptive or other forces; or it may be of a loose type, somewhat analogous to 
the attachment of a glove to the hand, involving the contour of a large part 
of the molecule rather than points on its surface; or, finally, a combination of 
these possibilities may be involved. Whatever the mechanism, the position of 
affairs may be represented by the dia- 
grams in Mg. 1. Of these, III and IV 
represent, in the conventional manner, 
two enantiomorphs, while VI depicts dia- 
grammatically the surface of the specific 
receptor in the tissues. For the drug mole- 
cule to produce a maximum physiological 
effect it must, according to the above 
postulate, become attached to the receptor 
in such a manner that the groups B, G and 
D in the drug coincide respectively with C' and D' in the receptor.^ Such 
coincidence can only occur with one of the enantiomorphs (III), and this con- 
sequently represents the more active form of the drug. Let it now be supposed 
that the diss 3 rminetry of III is abohshed by replacing the group d by a second 
group B. The resultant molecule, represented by V, retains unchanged that 
part of the structure of III, i.e. the base BCD of the tetrahedron, which is 
concerned with its attachment to the specific receptor and must therefore be 
considered capable, despite the absence of molecular dissymmetry, of exerting 
its physiological activity with an intensity numerically equal to that of III, 
except in so far as this activity is changed by modifications in such of its 
properties as are not directly concerned with its attachment to the receptor. 
It will be noted that V possesses a second face, shaded in the diagram, con- 
taining the groups BCD. This face, however, corresponds with the base of IV 
and, lie this, cannot be brought into coincidence with the receptor. 

In order to apply this generalised argument to a particular drug it must be 
decided which of the four groups linked to the asymmetric carbon atom are 
concerned in the attachment of the drug molecule to the receptor. Such a 
decision can be reached with a fair degree of certainty for ^adrenaline from a 
consideration of the abundant evidence which is available relating structure to 
sympathomimetic action, and there seems little doubt that the groups in cpies- 
tion are the basic, the aromatic, and the alcoholic hydroxyl groups. Our reasons 
for this conclusion, as weU as our views regarding the mechanism of attachment, 
are briefly as follows. (1) The basic group is a feature common to all the sym- 
pathomimetic bases. From its nature it appears probable that this group is 
linked to the receptor by means of normal valencies. (2) The aromatic group 
is also necessary for the development of any appreciable activit}^ Whether or 
no this is attached by normal valencies is more problematical. We think, how- 
ever, that it should be regarded as a possibility that the group, as a whole, ''fits'' 
the receptor, but that when it carries phenohe hydroxyl groups in the m- or 
p- positions it becomes more firmly attached by means of normal valencies. 
(3) The alcoholic hydroxyl group is necessarily concerned in the attachment, 
since.it is the presence of this group which is responsible for the outstanding 
activity of Z-adrenaline. It is nevertheless difficult to say whether it is combined 
chemically with the receptor or whether it merely causes a better "fit" of the 
drag to the receptor. 
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Of the four groups linked to the asymmetric carbon atom in Z-adreiialiiie 
it is thus the ii^^drogeii atom, represented by A in III, which plays no part in 
the attachment of the drug to the receptor. If this group were replaced by a 
hydroxyl group a symmetrical compound corresponding with V would result 
which, according to the above argument, would possess a physiological activity 
equal to that of ^adrenaline except in so far as this activity was modified 
by changes in the physical properties of the compound due to the presence of 
the second hydroxyl group. Unfortunately such a compound is not capable of 
existence and cannot, therefore, be utilised to test our hypothesis. A similar 
test, scarcely less satisfactory, can how’ever be made. If TV be regarded as 
representing (l-adrenaline, it is clear that the hydroxyl group {B) cannot be 
concerned with the attachment of the drug to its receptor, but that this must 
be brought about by the face AGD involving the hydrogen atom (x4), and the 
smaller physiological activity of this isomeride is attributed to the less perfect 
combination which results. By substituting a hydrogen atom for the hydroxyl 
group in (^-adrenaline a symmetrical molecule would be obtained which, on the 
hypothesis wdiich we have advanced, should combine as readily as adrenaline 
with the receptor and should therefore exhibit, with the above reservation re- 
garding physical properties, the same physiological activity as this compound. 
The symmetrical compound in question is 3 : T-dihydrox^^-^-phenylethylmethyl- 
amine. While the activity of this compound has not been compared directly 
with that of d-adrenaline, data are available from which the relative acti^dties 
of the two bases can be calculated. Thus, according to Barger and Dale [1910], 
the pressor activity of dTadrenaline is seven times as great as that of 3 : 4- 
dihj^'droxy-^-plienylethjdmethylamine, while Cushny’s results show that l-adreii- 
aline is 12-15 times as active as adrenaline. It follows that ri- adrenaline is 
1*07 to 0-87 times as active as 3 : 4-dihydroxy- j8-phenylethyliiietliylamine, a 
result which corresponds with that deduced from our hypothesis much more 
closely than might have been anticipated. 

One such favourable result cannot, of course, be regarded as establishing 
the correctness of our suggestion, and we have therefore attempted to obtain 
further experimental siqoport for it with another group of drugs, namely the 
synthetic miotics which have formed the subject of the preceding papers of this 
series (for references, see Stedman [1931]). Among these drugs, miotine (VH) 




O.CO.NHMe 


O.CO.MMe 


H- 


X 


.CO.NHMe 


■CH, 


jSTMe. 


VII 


H— C— R 

NMe, 

Ylll 


CH3— G— CH3 

NMe. 

IX 


possesses exceptional miotic activity, and one which is considerably greater 
than that of the metiiyliirethan© of m-hydroxj^benzyldimethylamine (Till; 
D = H) . Its large activity is thus associated wdth the introduction of the methyl 
group into the side- chain, which simultaneously creates an as}uiimetric carbon 
atom in the molecule. We were inclined originally to ascribe the high pli^^sio- 
iogical activity of this substance to the latter circumstance, but the view outlined 
above now offers an alternative explanation. According to this view miotine, 
and the miotics of this class in general, must become attached to their receptor 
by means of the basic and NH(CH 3 ) . CO . 0 . C 6 ll 4 -groups, since these two groups 
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are together responsible for the physiological properties of these compounds. 
Since the presence of the methyl gi'oup in miotine is associated with high 
physiological activity it must further be assumed that, in the more active 
isomeride, this group causes a more perfect combination to take place between 
drug and receptor than would occur in its absence. In the less active isomeride 
on the other hand, the methyl group must be directed away from the receptor 
and consequently cannot directly mfluence the fixation of the chug. It is thus 
clear that a compound of the formula IX, in which the molecular dissymmetry 
of miotine has been abolished by the introduction of a second methyl group, 
should possess a. physiological activity equal to that of the more active form of 
miotine except in so far as this activity is modified by changes in the physical 
properties of the compound. Similarly, the less active form of miotine should 
possess an activity equal to that of VIII (R = H). 

Ill order to test these deductions, certain of the properties of the compounds 
■ ~ H) IN have been compared. In addition some urethanes 

of the general formula VIII, in which R = Et, Pr% and Ph, have been similarly 
examined in order to obtain data from which the influence of increased hydro- 
carbon content on the physiological activity of this type of substance might to 
some extent be judged. Measurements have also been made with the corre- 
sponding methiodides. The latter, however, clearly contribute little to the 
present discussion, since the methiodide from miotme does not show any 
markedly greater activity than that of its parent substance (VIII; R = H). 
A description of the various compounds examined will be pubhshed elsewhere. 

Results. 

Miotic activities. The above urethanes were first compared with respect to 

purpose, one drop of a solution of the hydro- 
chloiide or methiodide m physiological saline was instiUed by one of us (E. S 1 

^ ^'OPS ^vere, as far as possible, of the 

same size, the same pipette was used throughout the experiments. Individual 

Ine animir animals were avoided by carrying out aU the tests on 

occasion was an experiment 

riiterv^ of S H completely normal. This usuaUy necLsitated 

The ro«nlr« a between successive experiments. 

leiMtZ of ft f shortly after 

sfdeS Celv u ^ ® con- 

siderable. Racemic miotine was necessarily used for these experiments, since, 


Methylurethane 

2. ™-NHMe,CO,.C„H4.CHMe.NMe„ HCI 

3. i^?i“NHMe.C02.aH..CMe, mie HP] 

5. wi-NHMe . CO, . CgH, . CHPr® NMe HCI 

6 . »»-NHMe..C 0 ;. C^.CHpL'St! HcT 

7. o-NHMe.C02.C8H,.CHj.NMe2,HCI 

9. ra-NHMe.C0,.C8H4.CMe2.]S]H"e3l 
12. »-bHMe.C02.CeH4.CHPli.NMe3l 


Cone. 

% 

0-1 

0-1 

0-1 

0-1 

0-1 

0-1 

1-0 

0-1 

0-1 

1-0 

1-0 

1*0 

1-0 


Miosis 

Slight but distinct after 20-25 mins. 

Very marked ; commenced in 15 mins, and 
reached maximum in 25 mins. 

Similar to 2 but effect somewhat greater 
Similar to 1 but effect greater 
Similar to 1 and 4 
Nil 

Slight after 30-40 mins. 

Commenced in 15 mins. Probably greater 
than 1 
Nil ^ 

Pistinct after 15—20 mins.; maximum in 
2o-30 mins. 

Very slight after 30 mins. Less than 9 
Nil 

Slight after 30-40 mins. 


MOLECULAR DISSYMMETRY AND PHYSIOLOGICAL ACTION 1261 

at tlie tim© they were carried out, the antimeric forms were not available. This, 
however, does not invalidate the results. According to our argument a com- 
pound of formula IX should possess an activity equal to that of the more active 
form of miotiiie and hence greater than that of dZ-miotine. This involves, it is 
true, the assumption that the two forms of miotine differ in activity, but this 
assumption, as will be seen from a later section, has now been verified. 

The above results are clearly in accordance with our hypothesis. The general 
effect of increasing the hydrocarbon content of the molecule is to diminish, its 
miotic activity. This is exemplified by the activities of 4 and 5, which; are much 
smaller than that of miotine (2). On the other hand, the introduction of the 
second methyl group into miotine with the production of 3, although this 
necessarily increases the hydrocarbon content of the molecule, is associated with 
an increase in miotic activity. 

The miotic activities of the methyiurethanes of the isomeric liydroxybenzyl- 
dimethylamines (1,7 and 8) have been re-examined since, according to Stedman 
[1929], they are in the order o> p> m while White and Stedman [1931] state 
that the m- compound is more active than the p. In agreement wutli the latter 
result the order is now found to he o ^ m > p. 

Inhibitory activities towards liver esterase. It has been shown by Stedman and 
Stedman [1931; 1932] that, in addition to possessing characteristic pharmaco- 
logical properties, urethanes of the type under consideration also inhibit the 
activity of liver esterase. Since the suggestion which we have made regarding 
til© influence of molecular dissymmetry on physiological activity applies equally 
well to the influence of the same factor, either in substrate or inhibitor, on 
enzymic activity, we have compared the inhibitory activities of the above 
urethanes on the liver esterases from the cat and the pig. As in the miosis 
experiments, dZ-miotine was employed. 

The enzyme preparations were made by extracting the desiccated liver 
powder with dilute ammonia, precipitating some impurities from this extract 
with acetic acid, and then dialysing the centrifugate, according to the detailed 
procedure previously described. A method, based upon that of Knaffl-Lenz 
[1923], has however now been employed for following the hydrolysis of the 
substrate. To a solution of 0*25 cc. of methyl butyrate in 100 ec. of water 
warmed to 30° were added 10 drops of a solution of bromotliymol blue and 
sufficient NaOH to bring the solution to about pjj 7*6 as shown by the indicator. 
A suitable volume of the enzyme or enzyme-inhibitor solution was then added 
and the pjj of the solution maintained as constant as possible at the above value 
by the addition, drop by drop as required, of 0*02 N NaOH. Burette readings 
were taken at regular intervals. The inhibitor was left overnight in contact with 
the enzyme. 

The results obtained with liver esterase from the cat are given in Table I. 
Since all the inhibitors examined were of the general formula 

NHMe . CO 2 . . CRR' . NMe^ 

they are described in this and the following tables by the groups which are 
represented RR' in this formula. It should be mentioned that considerable 
difficulty was experienced in obtaining consistent results with the enzyme from 
the cat and many measurements had to be discarded as worthless. The cause 
of this inconsistency was ultimately traced to the fact that the acidity of an 
extract of liver esterase from this animal slowly increases on standing. Now, the 
inhibitory activities of the urethanes in question vary with the p-^ of the solution 
in which they are in contact with the enzjnne. Since the measurements with 
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Table I. 


Enzyme: liver esterase from cat. Substrate: inetliyl butyrate, 
Final cone, of inhibitors : 4 x 10“^ molar. 

Alkali in 5 min. 

7*6. t=30°. 

Percentage 

Inhibitor 

periods 

Total 

inhibition 

Hydrochlorides 

Control 

4-2, 4*2, 4-1, 4-2 

10-6 



H, H 

1-2, 1*2, 1-1, 1-2 

4-7 

72 

H, Me 

1-2, 1*3, 1-2, 1-3 

5-0 

70 

Me, Me 

1-0, 0*9, 1-0, 1-0 

3-9 

77 

H, Et 

1-3, 1*3, 1-3, 1-3 

5*3 

68 

H, Pr^ 

1*2, 1*2, 1-4, 1*3 

0-1 

69 

H, Ph 

1-7, 1*5, 1-8, 1-6 

6-6 

60 

Hydrochlorides 

Control 

4*6, 5*0, 4-8, 4*7 

19*1 


b:, H 

M, 1*3, 1-3, 1-3 

0*0 

74 

H, Me 

1*0, 1-2, 1-1, M 

4*4 

77 

Me, Me 

0*9, 0*9, M, 1-0 

3*9 

80 

H, Et 

1*2, 1-2, 1-3, 1*3 

0*0 

74 

the individual drugs 

wei'e usually made 

seriatim, they were 

carried out 


isuiuuxuii vviiiuii vva.s ucuumiiig progressively more acia ana lienee were not 
comparable. In the experiments recorded in Table I, this difhciilty was over- 
come by carrying out each group of experiments simultaneously, the enzyme 
solution having been brought to about 7-6 by the addition of alkali mime- 
diately prior to mixing it with the inhibitors. A buffer could hardly be employed, 
sine© the amount necessary to prevent the change in acidity would have inter- 
fered with the accuracy of the subsequent titration. We are unable definitely 
to explain the cause of this liberation of acid. It did not appear to be due to 
the action of micro-organisms since the enzyme extract was saturated vdtli 
chloroform in order to keep it sterile. The most probable explanation is that it 
was caused by the presence of another enzyme, possibly an oxidase, in the 
extract. 

An inspection of Table I shows that the results run parallel with those ob- 
tained in the miosis experiments. Increase in the size of the alkyl group 
diminished the inhibitory activity of the urethane, while the introduction of 
the second methyl group into miotine increased it. 

Tables II and III give the results obtained with liver esterase from the pio*. 
ihe enzyme preparation used in the first series was made from a liver powder 
which was over a year old; that employed in the second was from a freshly 
prepared powder. This apparent duplication of experimental material wms made 
because the activity towards methyl butjn^ate of an extract from an old powder 
IS alw^ap considerably less than that from a new one, whereas the reverse holds 
w leii the substrate is tributyrin, and it was desired to ascertain if this diminu- 
tion in activity was accompanied by any change in the inhibition phenomena. 
It can be seen from the tables that this is not the case. In these experiments 
the enzyme was left overnight in contact with the inhibitor in the presence of 
a small amount of buffer (p^ 8-9). 

o obtained with the enzyme from the pig do not at first sight 

appeal to be so favourable to our hypothesis as do those described above. While 
hey are satisfactory to the extent that the symmetrical compound (Me, Me) 
mhibitory activity than its isomeride (H, Et), the former is 
e\ortheless considerably less active than miotine. When, however, it is recalled 
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Table II. 


Enzynie: liver esterase from pig. Substrate: methyl butyrate. 

t=3o^ 

Final cone, of inhibitors: hydrochlorides, 2*5 xlO”^; 

methiodides 

2*5 X 10“® molar. 

Inhibitor 

Alkali in 5 min. 
periods 

Total 

Percentage 

inhibition 

Hj^drocMorides 

Control 

1-8, 1-9, 2-0, 1-9 

7*6 

— 

H, H 

1-4, 1-4, 1-35, 1-45 

5*6 

26 

H, Me 

1-25, M5, 1*25, 1-3 

4*95 

35 

Me, Me 

1-3, 1-4, 14, 1*35 

5*45 

28 

H, Et 

14, 1-5, 145, 14 

5*75 

24 

H, 

14, 145, 1-55, 1-6 

6*0 

21 

H, Ph 

Id, 14, 1-2, Id 

4*5 

41 

Methiodides 

Control 

2-0, 2-05, 1-95, 2-0 

8-0 

. — , 

H, H 

0-9, 1-0, 1-0, 0*95 

3*85 

52 

H, Me 

1-05, 0-95, 0-9, 1*0 

3*9 

51 

Me, Me 

0-9, 0-95, 0*9, 0-95 

3*7 

54 

H, Et 

1*05, 1-0, 1-05, 0-95 

4*05 

49 

H, Pr^^ 

1-05, 1*05, 1*05, 1*0 

4*15 

48 

H, Ph 

1*25, 1*2, M, M5 

4*7 

41 

Table III. 

Enzj^me; liver esterase from pig. Substrate: methyl butyrate. 

2% 7*6. t = 30^ 

Final cone, of inhibitors: hydrochlorides, 2*5 x lO""^ 

; methiodides, 5 x 10“^ molar. 

Inhibitor 

Alkali in 5 min. 
periods 

Total 

Percentage 

inJiibitioii 

Hydrochlorides 

Control 

5*4, 5*5, 5*6, 5*5 

22*0 

— 

H, H 

3*3, 3*4, 3*4, 3*4 

13*5 

39 

H,Me 

2*7, 2*6, 2*8, 2*7 

10*8 

51 

Me, Me 

3*1, 3*3, 3*4, 3*3 

13*1 

40 

H,'Et 

3*5, 3*4, 3*5, 3*5 

13*9 

37 

H, Pr'^ 

3*8, 3*9, 3*9, 3*9 

15*5 

30 

H, Ph 

3*2, 3*0, 3*1, 3*0 

12*3 

44 

Methiodides 

Control 

5-2, 5*4, 5*4, 5*4 

3*6, 3*5, 3*6, 3*5 

21*4 


H, H 

14*2 

34 

H, Me 

3*6, 3*6, 3*5, 3*6 

14*3 

33 

Me, Me 

3*7, 3*7, 3*8, 3*7 

14*9 

30 

H, Et 

3*7, 3*7, 3*6, 3*6 

14*6 

32 

H, Pr'^' 

3*7, 3*6, 3*7, 3*7 

14*7 

31 

H, Ph 

3*5, 3*5, 3*5, 3*6 

14*1 

34 


that the general effect of increasing the hydrocarbon content is to diminish the 
activity of the compound, it is clear that if the difference between the inhibitory 
activities of d- and ^-miotine is, in this case, small the hydrocarbon effect might 
outweigh that due to configuration. Since the above experiments were carried 
out the preparation of the antimeric miotines by Macdonald and Stedmaii [1932] 
has enabled us to test this point, and it has, ui fact, been found that there is 
little difference between the inhibitory activities of the two forms towards liver 
esterase from the pig, although the Z-compound is slightly the more active. The 
results, therefore, can be regarded as consistent with our theor}?'. 

Action on intestine, A detailed pharmacological comparison of d- and I- 
miotine, which have now become available, is being made by Dr A. White, 
who has informed us that, in those experiments which he lias so far carried out, 






Fig. 2. Continuous tracing showing comparison of the activities of the hydrochlorides of d^miotine Me) and of the methylurethane of d^oc-m-hy^ 

droxyphenyl-?^-propyldimethylamine (dMI, Et) on the isolated small intestine of the rabbit. Numbers represent parts of drug per 100,000,000 parts of 
Tyrode’s solution. W = washed. 
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the Z-isomeride has proved to be the more active. In order, however, to obtain 
numerical data bearing on the subject of the present investigation we have 
compared the activities of a number of the urethanes mentioned above, in- 
cluding d- and Z-miotine, on the isolated rabbit intestine. The following ratios, 
which refer to the concentrations required to produce equal action, were ob- 
tained for the pairs of urethanes indicated: cZZ-H, Me: dZ-H, Et = 2:1; Me, Me: 
cZZ-H, Et = 2-7 : 1 ; Z-H, Me: d-H, Me = 5:1; Me, Me: Z-H, Me = 2:3; dZ-H, Me: 
jj jj _ 12:1. From these figures the relative activities of the various com- 
pounds are deduced to be as follows : 

H, H (i-H, Me dl-U, Et tZZ-H, Me Me, Me i-H, Me 

1 5 6 12 16 21 

According to the activities thus assigned to d- and Z-miotine, the racemic com- 
pound should have an activity of (24 -f 6)/2 = 14-5. Actually, it was found by 
direct comparison with the methylurethane of m-hydroxybenzyldimethylamine 
to be 12, which is in satisfactorj^ agreement with that calculated. 

An inspection of the above figures at once shows that the results obtained 
are in general accord with that anticipated from our hypothesis. The symme- 
trical compound Me, Me has an activity which is 3 times that of d-miotine and 
only slightly less (two-thirds) than that of Z-miotine. Moreover, the diminution 
in activity due to what we have termed the hydrocarbon effect on passing from 
miotine to its next higher homologue is, when judged from the compounds 
dZ-H, Me and dZ-H, Et, 6 units. Assuming that the additional methyl group 
in Me, Me has produced the same effect, the activity for this compound, when 
corrected by the addition of 6 units, becomes 22, a value which is in satisfactory 
agi-eement with that obtained (24) for Z-miotine. The only discrepancy between 
these results and our anticipations is the fact that d-miotine is 5 times as active 
as its lower homologue, whereas according to our deductions these substances 
should be equally active. We do not, however, regard this discrepancy as serious. 
It is possible that the hydrocarbon effect on passing from H, H to H, Me may 
be in the opposite direction from that associated with the change from H, Me 
to Me, Me or H, Et. 

In order to illustrate the method adopted, and the degree of accuracy 
attained, in the comparison of the activities of the different urethanes, the 
tracings for dZ-miotine and the methylurethane of a-m-hydroxyphenyl-ra-propyl- 
dimethylamine (H, Et) are reproduced in Fig. 2. These tracings are typical of 
those oietained in the experiments recorded above. In each case a strip of the 
small intestine from the rabbit was suspended in Tyrode’s solution and was 
treated alternately with the two drugs under comparison. It was invariably 
found that the response of the intestine was at first inconstant but became 
constant after several hours. At this stage the concentrations of the two drugs 
under comparison were sought which produced the same effect on the strip of 
intestine. Only the latter and significant portions of the tracing are reproduced 
in Fig. 2. 

Stjmmaey. 

1. It has been shown theoretically, on the assumption that three of the 
groups linked to the asymmetric carbon atom in an optically active drug are 
concerned in its attachment to its specific receptor in the tissues, that molecular 
dissymmetry and its associated optical activity have no direct influence on the 
magnitude of the physiological activity of a drug. 
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2. The same argument holds with respect to the relationship between inoie- 
ciilar diss3mimetiy in a substrate molecule or in a specific inhibitor and their 
power of combining with an enzyme. 

3. This theory has been shown to be in agreement with the fact that the 
pressor activities of (^-adi^enahne and 3 : 4-dihydroxy-^-phenylethylmetliylamme 
are, within the limits of experimental error, equal. 

4. A comparison of the miotic activities of a number of urethanes has given 
results which are also consistent with this theory. Similar results have been 
obtained in a comparison of the inhibitory activities towards liver esterase and 
of the activities on the isolated intestine from the rabbit of the same urethanes. 

Part of the expense of this investigation has been met by grants from the 
Earl of Moray Research Fund of this University. 
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By administering excessive cystine to rats and other animals many workers 
appear to have produced injurious effects on the kidneys. This damage has not 
always been observed however, and it seemed possible that considerable clinical 
importance might attach to a study of the reason of the variabihty of the 
results. 

The earlier experiments in which cystine was given to animals were concerned 
primarily with a study of the fate of ingested cystine. Wohlgemuth [1903-04] 
appears to have observed no toxic effect in rabbits after oral administration of 
5 g. suspended in water. Blum [1904] reports a number of experiments in which 
cystine was given to dogs in large amounts, and in most of his cases nephro- 
toxicity was not observed. Abderhalden and Samuely [1905] gave as much as 
8 g. of dileiicylcystine subcutaneously without producing renal damage. Later, 
however, Abderhalden [1922] noted that kidney injury accompanied the deposi- 
tion of ciystals of cystine in the renal tubules of the mouse after ingestion of 
free cystine. Similarly, Lignac [1926] demonstrated that cystine injected in the 
form of a suspension into mice reappeared in crystalhne form in the convoluted 
tubules. Lewis [1925] introduced 0‘5-l*0 g. cystine per kg. in alkaline solution 
by stomach tube into rabbits every second or third day. After a few doses, 
there were definite signs of renal injury. Newburgh and Marsh [1925,1,2] 
injected solutions of amino-acids into rabbits and dogs and foiuid that cystine 
was one of those which were nephropathic. Curtis and Newburgh [1926; 1927] 
added cystine to the diet of the rat, observing that large doses caused severe 
nephritis and death in a few days; smaller amounts caused moderate injury m 
the course of a few months, whilst 1*5 % produced necrosis of the tubules in 
one year. Cox, Smythe and Fishback [1929] reported acute toxic nephrosis in 
young rats under 60 g. in weight ingesting 0-3-0-9 % free cystine; some of the 
animals, however, recovered from their acute illness and proceeded to grow' 
normally without any alteration in the ration. Cox and Hudson [1929-30] 
extended these observations and obtained evidence that cystine nephrosis might 
be prevented by increasing the allowance of vitamin B concentrate. The rats 
exhibited variable resistance to the nephrotoxicity of cystine, and the suscepti- 
bility was attributed to hereditary factors rather than to the influence of the 
stock diet. Addis, MacKay and MacKay [1926], on the other hand, had obtained 
no evidence of renal impairment from blood-urea determinations, urinary or 
histological examinations in rats which had hved one-third of their life-time on 
a diet containing 1 % cystine. The proportion of dried yeast included in their 

^ William Gibson Besearch Scholar. 
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diet was 10 % . Recently, Longwell, Hill and Lewis [1932] studied th.© effect 
of 0-3-0d3 % of cystine in the diet of young rats receiving either no yeast at 
ail or a 2g. equivalent of yeast extract. They report “complete absence of 
evidence that a diet high m cystine produces pathological changes in the 
kidneys.” This was true even of some rats which were in poor condition at the 
beginiiing of the experiment. Renal hypertrophy due to absence of yeast was 
no greater in the presence of cystine. 

The insolubility of cystine is a factor which complicated those of the above- 
mentioned experiments in which cystine was injected parenterally. There are 
obvious objections to the method of injecting a suspension of cystine or a 
quantity of an alkaline solution of cystine. 

In the matter of the feeding experiments, the positive findings probably 
cover two states of affairs; there is the acute condition from which, as Cox 
and co-workers report, the animals recover without change in th© ration and 
the more slowly produced lesions of the type reported by Newburgh. 

One question which naturally presents itseK is whether the effect of cystine 
is due to its acidogenic properties. The intention in th© experiments herein 
reported was to determine whether the effects of cystine could be overcome by 
regulating the proportion of acid to base in th© diet. That th© quantity of acid 
produced by the oxidation of cystine is appreciable can be seen by calculating 
that the addition of OT g. of cystine means a virtual increase of 1*6 cc. of N acid. 
The effect of this increased acidity would be more marked in the case of rabbits 
than in rats, for the former animals have little power of calling on ammonia to 
neutralise acids. Arising from the acidogenic quahties of cystine was the question 
of available base; it was necessary to find out whether the salt mixtures 
ordinarily employed m compounding synthetic diets were adequate in base 
content to cover this increased production of acid. The results reported in this 
contribution were obtamed m conjunction with a study of the acid-base me» 
chanism in relation to excessive protein feeding, reported elsewhere [Bell, 1933]. 

Expebimental. 

It was decided to attempt to produce the condition of cystine nephrosis in 
very young rats, such as had been reported by Cox and co-workers, and see 
whether the addition of potential alkali to the diet prevented its incidence. 
The diet was compounded of : 


% 


‘ ' Light white casein ” 

20 

Rice starch 

68 

Dried brewer’s yeast 

5 

Salt mixture (McCollum’s) 

5 

Cod-hver oil 

2 


As the quantity of cystine, which in the experience of Cox, Sm^ffhe and Eishback 
was sufficient to induce nephrosis, ranged from 0*3 to 0-9 % of the diet, we 
began by using 1-0 %, but as no derangement occurred, it was decided very 
early to raise it to 2*0 % . Even when the rats were onlv 35 g. in weight when 
cystine feeding commenced, there was no evidence of cystine nephrosis. The 
rats were kept in metabolism cages, and the urine was examined daily. One 
group received enough of a mixture of potassium carbonate (7 parts) and sodium 
citrate (10 parts) to reduce th© acidity of the urine ahnost to neutrality. The 
addition of potential alkah did not augment the growth rate — it was aheady 
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iiiaximiim (Mg. 1). Since no effect from the cystine feeding was obtained, the 
experiment was terminated at the end of 4 weeks. The fasting blood-urea was 
deteriiiiiied and was found to be normal in both groups; the average for the 
aiiiiiials receiving cystine was 38 mg. per 100 cc. ; that for the animals being 
given alkali as well as cystine was 43 mg. Sections of the kidne 3 rs failed to 
give any evidence whatever of inflammatory changes. 



I' = 1 % cystine in diet; 

^ = 2 % cystine in diet; 

C + A = Cystine -l- alkalising salt. 


It is difficult to understand why cystine per se should be harmful to the 
kidneys, unless it is due to insolubility or to acid production. Still more difficult 
is it to understand why, in spite of its insoluble and acidogenic nature, the 
animals should recover without change in the ration. If cystine itself exerts 
a iiephropathic action, w^e should expect to find a high incidence of nephritis 
ill cystinuria, but in the following references in the literature to uncomplicated 
cases of C3^stiiiuria, no mention is made of findings that indicate that the 
excretorj^ tissue is involved; c^^stinurics have usually been discovered either 
accidentally or because of symptoms of renal calculus [Garrod, 1923; Smiilie, 
1915; Looney, Berglimd and Graves, 1923; Lewis and Lough, 1929; Robson, 
1929; Brand, Harris and Biloon, 1930]. Certainty, the last-named authors 
have found that there is excreted, in this disorder of metabolism, a cystine 
complex which decomposes in the urine with liberation of free cystine; but 
even so, we should expect that if this liberation of the amino- acid begins earl}" 
enough to form a stone in the pelvis of the kidney, the process has alread}’ begun 
soon after the formation of the glomerular filtrate. 

The variety of kidney affection induced in young rats by excessive cystine 
feeding seems to be some indirect effect, irregular in its occurrence, and tem- 
porary in its influence. Therecovery without alteration in the diet seems to suggest 
that the nephritis is loart of an infection. It is possible that the presence of the 
cystine in the intestine brings about an alteration in the oxidation-reduction 
potential of the contents of the gut and so favours the growth of anaerobes. 
Quastel and Stephenson [1926] have demonstrated that the addition of cystine 
to culture media favours the growth of anaerobes by alterhig the oxidation- 
reduction potential. The condition of ''pulpy kidney’’ in lambs seems to have 
some features in common with cystine nephrosis, and “pnlp}^ kidne 3 "” has 
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recently been ascribed by Bennett [1932] to infection by tlie B. ovifoxicus an 
organism allied to tlie Welch bacillus. If cj^stine nephrosis is part of an infection 
ill which the obvious and fatal effects are due to kidney involvemeiitj the re- 
covery can be explained by the development of an immunity. 

SUMMABY. 

Feeding young rats with diets containing 1-0-2-0 % free cystine lias failed 
to produce the condition of “cystine nephrosis.” It is suggested that the con- 
dition reported by other investigators to occur in young animals is probably due 
to an infection, to which an impetus is given by the altered oxidation-reduction 
potential in the intestmes. 

Grateful appreciation is herewith expressed to the BoyaA Society of Medicine 
for the scholarship which has enabled me to make these observations, to the 
Medical Research Council for defra 5 nng the cost of materials and to Prof. J. C. 
Drummond for helpful advice and criticism. 
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CLXXIL ASCORBIC ACID AS THE ANTI- 
SCORBUTIC FACTOR. 


Br EDMUND LANGLEY HIRST 
{from the Chemistry Department, University of Birmingham), 

AND SYLVESTER SOLOMON ZILVAi 
{from the Division of Nutrition, Lister Institute, London). 

{Received July 3rd, 1933.) 

It is proposed in this short communication to describe some experiments dealing 
with the antiscorbutic activity of a number of specimens of ascorbic acid 
(hexuronic acid [Szent-Gyorgyi, 1928]), its oxidation products and ascorbic acid 
regenerated from one of the oxidation derivatives. We are indebted to Messrs 
Burroughs, Wellcome and Co. for the gift of preparations 1, 2, 3, 5 and 7 made 
in the experimental laboratories of the Wellcome Chemical Works and to Prof. 
Szent-Gyorgyi for the gift of preparations 4 and 6. 

Preparation 1. This specimen of ascorbic acid was prepared from oranges: 
C, 41-4, 4L4; H, 5-0, 5-1 % . CgHgOg requires C, 40-9; H, 4-5 % . The m.p. varied 
mth the rate of heating; when placed in a bath at 180° and slowly heated it 
melted at 182°. 1 mg. decolorised 1-06 cc. iV/100 iodine (calc. M4). It was 
tested for antiscorbutic potency in doses of 0-25 mg., 0-5 mg. and 1 mg. prophy- 
lactically. The test lasted 50 days, after which time the animals were chloro- 
formed. The doses were weighed out daily and dissolved in air-free water 
immediately before administration. Table I gives the initial and final weights 


Dose 

Weight (g.) 

( ^ 

Table I. 

mg. 

Initial 

Final 

Remarks 

0*25 

270 

•>Q9 

315 

~ 


305 

Z i 0 

335 

•— 

0-5 

285 

270 

435 

300 

Died after 33 days of interciirrent infection 


305 

420 

Died after 43 days of intercurrent infection 

1-0 

270 

415 




300 

465 




280 

410 

Chloroformed after 35 days 


of the guinea-pigs on the respective doses. AU the animals on the lowest dose 
showed very marked scorbutic signs at the autopsy. The guinea-pig which 
smwived for 50 days on the 0-5 mg. dose showed shght signs of scurvy at the 
autopsy, whilst the other two animals on this dose which died before the 
termination of the test did not show any signs. Two of the animals on the 
highest dose were free from macroscopic signs of scurvy at the autopsy, the third 
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guinea-pig whicli was chloroformed on the 35th day showed marked haemor- 
rhages in. both knee joints but no other signs of scurvy could be discerned. 

Preparatio7i 2. This was a crude specimen of ascorbic acid prepared from the 
ad,reiial glands of the ox: C, 41*2, 41*1; H, 5*2, 5*1 %: m.p. 184°. 1 iiig. re- 
quired 1-04 cc. A/100 iodine. It was tested in doses of 0-25 mg., 0*5 mg. and 
1 mg. prophylactically. The duration of the test was 61 days. A week’s re- 
c|uii:*emeiit of the acid was dissolved in a suitable quantity of air-free water 
div.iderl into daily doses and kept at - 20°. The doses were melted Just before 
administration. Table II gives the initial and final weights of the guinea-pigs. 


Dose 

Weight 

(g-) 

Table II. 

mg. 

Initial 

Final 

Remarks 

0*25 

265 

320 




280 

290 

Died after 36 days of intercurrent infection 


307 

267 

Died after 54 days of intercurrent infection 

0-5 

265 

440 




270 

425 




270 

370 

— 

1-0 

255 

420 



285 

310 

Suffered from intercurrent infection which was responsible 

A n j 1 

290 

530 

for fall in weight during the last period of the test 


All the animals on the 0*25 mg. dose showed definite signs of scurvy at the 
autopsy. Only one guinea-pig on the 0*5 mg. dose showed very slight" signs of 
scurvy; the other two were apparently normal. No macroscopic signs of scurvy 
could be detected at the post mortem examination of the animals on the highest 
dose. ® 

Prepara tion 3. This specimen of ascorbic acid was preparation 2 recrystallised 
four times from methyl alcohol: C, 4M; H, 4*8 %: m.p. 184° (after first re- 
crystal lisation).^ 1 mg. required 1*06 cc., 1*07 cc. A/100 iodine. It was tested 
in doses of 0*25 mg., 0*5 mg. and 1 mg. prophylactically. The duration of the 
test and the technique of administration were the same as for preparation 2. 
Ihe initial and final weights of the guinea-pigs are given in Table III. At the 







Weight (g.) 

Dose 

mg. 

A 


Initial 

Final 

0-25 

265 

320 


280 

310 


305 

295 

0-5 

295 

465 


270 

325 


265 

4:^0 

1-0 

250 

475 


290 

340 


Eemarks 


Fall in weight due to pneumonia during last week 

autopsy all the animals on the 0-26 mg. dose showed signs of severe scurvy, 
those on the intermediate dose one showed no signs, whilst the other two 

gume..p.g, showed definite „t scurvy. The .nim is „„ the 1 mg dte 
were free from macroscopic signs of scurvy. ^ 

Prefamiion 4 . The specimen of ascorbic acid was prepared from adrenal 
g ands and was crystallised from methyl alcohol, ether and light petroleum. 
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It was analytically pure; m.p. 187° -h 24° in water. 1 mg. required 1-10 cc. 
A/100 iodine. It was tested in doses of 0*25 mg. and 0*5 mg. prophylactically 
(duration of experiment 60 days). Tlie technique of the administration of the 
doses i¥as the same as for preparation 2. The initial and final weights of the 
guinea-pigs are given in Table IV. All the animals on the lower dose, although 

Table IV. 


Weight (g.) 

A 


Dose 

mg. 



Initial 

Final 

Remarks 

0-25 

270 

295 

Pleurisy 


280 

240 

Died after 48 days from intercurrent infection 


300 

365 

— 

0-5 

270 

385 

— 


280 

440 

— . 


260 

360 

— 


two out of three suffered from intercurrent infection and one actually died of it, 
showed mild signs of scurvy at the autopsy. Only one guinea-pig out of the 
three on the O-o mg. dose showed a sign of mild scurvy, namely slight discolora- 
tion of knee joints, at the post mortem examination. 

Freparation 5, This was a crude specimen of ascorbic acid from oranges. 
It was washed as little as possible when separated from the syrup: C, 41-4; 
H, 5*3 %: M.p. 150-170°. 1 mg. required 0-932 cc. A/100 iodine. It was tested 
in doses of 0-25 mg., 0-5 mg. and 1 mg. prophylactically. The duration of the 
test and the technique of administration were the same as for preparation 2. 
The initial and final weights of the guinea-pigs are given in Table V. The scor- 
butic signs found at the autopsy of the three animals on the low^est dose were 

Table V. 


Weight (g.) 


Dose 

mg. 

r 

Initial 

Pinal 

Remarks 

0-25 

260 

250 

Died after 49 days 


285 

275 

Died after 55 daj-s 


280 

227 

Died after 53 days 

0*5 

260 

350 

— 


280 

310 

— 


290 

395 

— 

1-0 

270 

450 

— 


275 

360 

— 


severe enough to justify the assumption that they died of scurvy. All the 
guinea-pigs on the intermediate dose also showed marked scurvy after being 
killed by chloroform. Only one of the guinea-pigs on the 1 mg. dose showed 
scorbutic signs at the post mortem examination. There was no doubt that the 
condition of the experimental animals on the various doses of this preparation 
was decidedly worse than that of those on the corresponding doses of the 
previous preparations. The difference in activity appeared to be greater than 
would be expected by the fact that this specimen was only about 82 % pure 
as judged from its iodine titration. Spectrographic examination confirmed this 
figure. 

Preparation 6. This specimen of ascorbic acid prepared from paprika was 
crystallised from dioxan: m.p. 192°: + 24° in water. It was analytically 

pure. 1 mg. required 1-14 cc. A/100 iodine. In view of the purity of this 
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pecimen it was desirable to obtain the utmost accuracy of which the hie 
ogical method is cpable in assaying its antiscorbutic activity. Ten guinea-nio-s 
were thereiore employed on each of the doses of 0-25 mg. and 0-5 m<^ Tb^f ^ 
tion of the test was 57 days and in this case the doses'we^e weighfd^ut 
and dissolved in the requisite quantity of air-free water im^Solv 
admmistration. Table VI gives the initial and final weights of the gui^ea-pig^ 

Table VI. 


Dose 

Weight (g.) 

mg. 

Initial 

Final 

0-25 

270 

330 


260 

280 


275 

270 


275 

380 


275 

275 


280 

330 


280 

235 


280 

270 


280 

285 


290 

390 

0-5 

260 

385 


270 

330 


275 

435 


275 

410 


275 

410 


280 

435 


280 

405 


280 

390 


285 

370 


285 

480 


Eiemarks 

Chloroformed after 46 days 


Died after 52 days of intercurrent infection 


were eerplojed on 0^^?^ dts ofo^l'T^S S’””"?, '•! 

from tho iodin© absornfinn n-F -fh^x o • ^ i i t ^ calculated. 

about 0-25 iT aird oio r equivalent to 

test and the moTe of adSis^^^ P”" the 

of preparation 6 ThKIp ^ the same as in the case 

' .ho a.d„.,7S Xo rf ™»oro scurvy at .ho .ntop.y XV 

dition of the guinea-pias Tr' mi / Precedmg preparation. The con- 
of the animals irthf 0 6 m^ if"" f than that 

found i .hop jmStaXtST of ■>0”'’^ -0» 

oubs^ZTS;^ ““'"‘o ooid. This 

absorption [Hirst 19331 it is nnalft displays no selective 

and HI. The requisite ouantitVif reduced to ascorbic acid by H^S 

m air-free distilled water andV/loi""ri*" acid (preparation 6), was dissolved 

the annnul, on preparation 2, are »presenS’in”pig* l”K“^“thS*af 
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preparation is only sliglitty less active than ascorbic acid which had not been 
previously oxidised. The graphs of growth of the animals on preparation 2 


Weight (g.) 


Dose 

r-yy ^ 

^ 

mg. 

Initial 

Final 

0*29 

255 

365 


255 

215 


260 

290 


260 

310 


260 

250 


265 

380 


270 

365 


270 

310 


275 

310 


285 

305 

0-58 

255 

480 


255 

430 


260 

345 


260 

395 


'260 

410 


265 

430 


270 

485 


270 

275 


270 

390 


280 

425 


Table VII. 

Remarks 

Died after 54 days of scurvy 

Died after 46 days. Severe scurvy. No complications 


Died after 42 days. Severe scurvy. Intestinal infection 
Died after 54 days of scurvy complicated by pneumonia 

Died after 46 days of pneumonia. No scurvy 


Died after 58 days of scurvy complicated by 


pneumonia 


Preparation 8. 


'7301 S. 



Fig. L 


N.= normal 
no S. =no scurvy 

I = intercurrent infection 


C. = cliloroforined 
-f = died 
S. = scurvy 
S.S. = slight scurvy 
V.S.S,=very slight scurvy 

\ = onset of clinical symptoms of scurvy 


= beginning of dosing 


were used for comparison because the animals on the 0*25 mg. and 0*5 ing. doses 
of this specimen behaved in the same way as the corresponding animals on 
preparation 6 ; in addition a 1 mg. dose was also used in this test. Demole [1933] 
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found that an oxidation product from ascorbic acid {Dehydroascorbinsmre) 
was somewhat less active than ascorbic acid. He does not however give any 
experimental details, and it is difficult to judge whether he was dealino- with 
the above oxidation product. ^ 

Prepamtion 9. When chlorine-water is added to a concentrated solution of 
ascorbic acid until the calculated amount of chlorine (2 atomic proportions) 
has been taken up the specific rotation becomes [a];?; + 56° (calculated as 
ascorbic acid). If this solution is kept at room temperature the rotation gradually 
diminishes to the value [a]®” - 6°, equilibrium being reached in about 60 hours 
Spectrographic examination shows the complete absence of the ascorbic acid 
band from the spectrum of the equUibrium oxidation product. It does not 
react with iodine in acid solution nor does it decolorise indophenol. It reduces 
ammoniaoal sOver nitrate and alkaline sodium hypoiodite [Cox et al 1930- 
Herbert and Hirst, 1932; Hirst, 1933; Hh-st et al, 1933]. On reduction with HI 
It gives an approximately 80 % yield of ascorbic acid. With H,S however the 
^ield is onty about 10 % . The solutions of the equilibrium product used for the 
biffiogical tests contained about 0-3 g. of the oxidation product per 100 cc. and 
efficient HCl (0*5 mol. per mol. ascorbic acid) to render the compound stable 
Repeated chemical tests showed that such solutions were perfectly stable over 
periods of several months. It was tested in doses equivalent to 0*25 mg., 0-5 mo-, 
and 1 mg. w'ith four animals on each dose. The guinea-pigs on the first two doses 
ehaved as if they were on a basal diet alone and died of typical scurvy in about a 
month. Three animals on the highest dose died from scurvy after 42 days and 
one after 29 days. There was in the specimen, therefore, but little antiscorbutic 
activity as compared with the ascorbic acid from which it was prepared. 

Preparation 10. This consisted of ascorbic acid obtained by reduction of the 
tost oxidaHon product. Ascorbic acid in dilute aqueous solution was oxidised 
by iodine (.j atomic proportions, dissolved in the minimum quantity of alcohol). 
Xae solution now contained the first oxidation product, -f 56° too'ether 
with 2 mols. of HI Hberated during the reaction. The solution was slowly 
evaporated to drjmess at room temperature in a vacuum desiccator. Regenera- 
tion of orystalhne ascorbic acid then took place, with separation of iodine, which 
was removed by volatilisation at room temperature. A small amount of brown 
amorphous ^ material was formed as a by-product. The yield (75-90 %) of 
ascorbic acid depended on the time which elapsed between oxidation and re- 
generation, freshly oxidised material giving the highest and the “equilibrium” 
material the lowest. The regenerated ascorbic acid was identical chemically 
with an authentic sample. ^ 

Thi-ee specimens prepared at different times and under different conditions 
were utilised. One, which was administered during the first 24 days, was re- 
crystalhsed ascorbic acid regenerated from a sample of oxidised material kept 
for 3 days before reduction. The second sample, used from the 25th to the 40th 
day, had not been reciystallised and the solution from which it was obtained 

evaporated. The third sample used 

from the 40th to the o2nd day was prepared in the same way as the second. 

t Will b© seen from Fig. 2 that the response of the guinea-pigs to this 
preparation was similar to that obtained with other specimens of ascorbic acid. 

I must however be pomted out that the animals on the 1 mg. dose, unlik e those 
.wS® co^esponding dose of the other preparations of ascorbic acid, 

S3mptoms of scurvy after 24-29 days. These symptoms 
persisted until death although macroscopic signs of the disease were not found 
at the post mortem examination. 
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Symbols have same significance as in Fig, 1. 


Conclusions. 

A gi’eat disparity in the antiscorbutic activity of specimens of ascorbic acid 
originating from different natural sources and possessing different degrees of 
purity might throw serious doubts on the identity of ascorbic acid wifh vitamin C. 
On the other hand, in view of the limitations of the biological method and the 
persistent association of some physiological principles with chemically known 
substances the constant antiscorbutic activity of ascorbic would not constitute 
in itself sufficient proof of its identity with vitamin C. The activity of prepara- 
tion 10, however, offers much more decisive evidence in this respect. This sub- 
stance, which showed a potency of the same order as the other samples of ascorbic 
acid, was obtained by regeneration from an oxidised preparation. A similar 
oxidised preparation (preparation 9) was found scarcely active in doses as high 
as 1 mg. per diem. We have so far been precluded from comparing the anti- 
scorbutic potency of an equilibrated oxidation product and the ascorbic acid 
regenerated from the same specimen. This we hope to accomphsh in connection 
with the chemical and biological study of this interesting product which is now 
in progress. We are, however, strongly of the opinion that all equilibrated 
oxidation products are, weight for weight, much less active than the ascorbic 
acid regenerated from them. Three specimens regenerated at different times were 
used in this prophylactic test at intervals. A marked deviation in activity of 
any of these specimens would have manifested itself in the condition of the 
animals, especially of those on the lower doses. It therefore appears that ascorbic 
acid is active per se. The alternative explanation that vntamin C is associated 
with ascorbic acid and like it is reversibly oxidised and regenerated quantita- 
tively is much less plausible. 

Of further interest is the observation that ascorbic acid, when tested imme- 
diately after oxidation with iodine, shows little loss in antiscorbutic activity. 
This observation is similar to the one made by Zilva [1927] on decitrated lemon 
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jiuce oxidised mth phenolindophenol. The explanation offered, at the time by 
Mm was that an accompanying reducing substance which exorcised a protective 
function towards the vitamin in 'the juice was 'directly* oxidised and not the 
vitamin itself. Tillmans, Hirsch and Siebert [1932], confirining this observation, 
offered another explanation, namely, that the vitamin wdiilst still retaining most 
of its activity was reversibly oxidised. They were able to show that decitrated 
lemon juice oxidised with 2 : 6-dichlorophenolindophenol'or iodine could regain 
its reducing capacity on reduction with hydrogen sulphide [Tillmans, Hirsch 
and Dick, 1932], This has recently been . confirmed by Johnson [1933]. The 
above observation on the retention of the ' antiscorbutic potency of the re- 
versible oxidation product -of ascorbic acid suggests therefore that Tillmans’s 
hypothesis is the correct one. It is interesting to note in this connection that 
thtye is a parallelism between the antiscorbutic activity of the oxidised ascorbic 
acid and its capacity of being regenerated by hydrogen sulphide. 

Attention has been drawn to the fact that some specimens of ascorbic acid 
(preparations 5, 7 and 10) showed somewhat lower activity than the others. 
This difference in potenc}^ if real and not due to traces of interfering substances 
all these specimens w^ere crude — cannot at present be explained. 

We are indebted to Dr R. W. Herbert for assisting us in some of the experi- 
ments. 
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Szent-Gyorygi [1928] lias demonstrated that when a section of the adrenal 
of the ox is immersed in 04 % AgNOg solution, its cortex darkens owing to 
the deposition of metallic silver. The reduction, he concluded, was due to the 
presence of ascorbic acid (hexuronic acid). In view of the recent observations 
on the high and persistent antiscorbutic activity of ascorbic acid it became 
obvious that the above observation could be utilised in studying theYtinction 
of ascorbic acid in the development of scurvy. The experiments to be described 
here were originally undertaken by Zilva with the hope of obtaining information 
concerning the problem of the identity of ascorbic acid with vitamin C. In this 
respect suggestive but not conclusive evidence has so far been obtained from 
this investigation, but some facts have emerged which we consider of sufficient 
interest to be put on record. 

In preliminary experiments guinea-pigs on a scorbutic diet receiving various 
doses of decitrated lemon juice and others subsisting on a diet containing cabbage 
ad lib. were examined. It transpired that although the cortex of the adrenals 
from the animals receiving cabbage ad lib. darkened markedly on immersion 
ill the AgNOg, this was not so in the case of the adrenal glands from animals 
which were receiving daily doses of as much as 10 cc. of decitrated lemon juice, 
although the guinea-pigs were found at the post mortem examination to be in 
excellent condition and free from scurvy. Even the microscopical examination 
of sections of the glands treated with AgNOg did not reveal any deposition of Ag 
in the adrenal cortex of the guinea-pigs protected with high doses of decitrated 
• lemon juice. Yet histological sections of the adrenals from these animals did 
not show any abnormality. 

The search when extended to other organs from various species of animals, 
irrespective of their susceptibility to scurvy, revealed that certain other organs 
showed the AgNOg staining reaction macroscopically, especially the anterior 
and intermediate lobes of the pituitary gland, which in some species reduced 
the reagent even more markedly than the cortex of the adrenal. The disparity 
in the intensity of staining in these two glands was particularly marked in the 
human subject, where with very few exceptions the anterior lobe of the pituitary 
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was found to stain more intensely than the adrenal cortex. In the case of the 
' ‘ ■ ox the anterior lobe of the pituitary was moreover found to be aiitiscorbutically 

^ , Yerj active. As had been found in the guinea-pig, in many of the human case's 

examined the adrenal cortex did not stain, although the patients were free at 
least from clinical symptoms of scurvy. 

Experimental. 

Technique, 

The scorbutic diet employed in these experiments was similar to that alreadv 
described [Bracewell, Hoyle and Zilva, 1930] and was complete in all essentials 
apart from vitamin C. Freshly prepared decitrated lemon juice was adminis- 
'j tered daily, except during the week-end, allowance being made for this shortage 

during the remaining days of the week. The guinea-pigs on the mixed diet 
received oats, bran and cabbage ad lib. 

The silver staining was carried out in the dark since the gland reticulum 
• stains in the^ light independently of the presence of ascorbic acid. The slices 

were placed in 0*4 % AgN 03 solution for 15 minutes, after which time they 
were fixed in a 5 % solution of sodium thiosulphate for 10 minutes. They were 
then washed in several changes of distilled water and stored in 50 % alcohol. 
The assessment of the intensity of the staining was carried out with the help 
of a hand lens. For the microscopical examination the material after treatment 
j with absolute alcohol for 3 hours w^as cleared and embedded in paraffin, and 

P serial sections were made without further staining. 

For general histology, sections fixed in formalin and embedded in paraffin 
were stained with haemalum and eosiii. Fat was examined in frozen sections 
stained with Sudan III and haemalum. The chrome reaction was carried out 
by Ogata s method [1917], and Gough and Fulton’s mitochondrial method 
[1929] was used in the cytologicai examination. 

: The silver nitrate staining reaction of the organs of various species of animals, 

Man, Sometimes there was some staining in the cortex of the adi'enals but 
it was in most cases, comparatively shght. In several cases there was distinct 
staining of the medulla even when the cortex showed none at all. The anterior 
lobe of the pituitary stained more markedly than the adrenal. Staining some- 
tirnes occurred in the ovary, and in one or two cases it was confined to the 
linings of the larger follicles. The corpus luteum of pregnancy in two cases 
showed uniform but slight staining. 

Ox. The cortex of the adrenals stained markedly. In fresh glands there was 
very little staining of the meduUa but in glands' from animals killed about 
3 to 6 hours previously the medulla also stained appreciably. The anterior lobe, 
pars intermedia and cone of Wulzen of the pituitary stained very darkly. In 
cases in which the adrenals and pituitary from the same animal were compared, 
the latter almost invariably stained the more intensely. In the ovary (two 
heifers) there was slight staining of the corpora lutea, but not in the rest of the 
gland. In the testicle (one animal) there was slight staining. 

Dog (5 animals). In the adrenal the cortex and the medulla stained deeply. 

^ The anterior lobe and the pars intermedia of the pituitary stained very intensely. 

The corpora lutea of the ovaries also stained quite darkly. 

? P animals). Staining of the adrenal cortex and of the anterior lobe of 

the pituitary was well marked. In one animal the staining of the two organs 
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was of about equal intensity, and in the other the pituitary was slightly darker 
than the adrenal. The adrenal medulla showed only slight staining in each case. 

Guinea-pig. The adrenal stained quite darkly in most instances. The anterior 
lobe of the pituitary also showed definite staining which in some instances was 
equal to that of the adrenal but in others was somewhat less. The ovaries 
showed a slight diffuse staining. The staining reaction in this animal will be 
dealt with more fully in the next section. 

Mat. The cortex of the adrenal stained very intensely. In only one out of 
five animals there was slight staining found in the meduUa. Staining of the 
adrenals was also found in rats which had subsisted for about 8 weeks on a diet 
free from vitamin C [cf. Moore and Ray, 1932]. The pituitary also showed 
distinct staining but it was never quite as dark as that of the adrenal. The ovary 
showed slight diffuse staining. 

It is to be pointed out that, contrary to expectations, in no single ease did 
the livers from the above species of animals stain with silver nitrate. 

The silver nitrate staining properties of the adrenal glands of guinea-pigs 
protected from scurvy with decitrated lemon juice. 

A few representative cases will be described in this connection. In the 
earlier experiments (B 24, B 44 and B 23) the adrenal glands were not examined 
microscopically for silver staining but only by means of a lens. They are included 
here because some of these guinea-pigs were on their respective diets for a 
number of months. Moreover the assessment by the macroscopical method 
was found to be as reliable as the microscopical examination of sections* 
Although the medulla of the adrenal also stained in the animals receiving 
cabbage ad lib. the staining never approached that of the cortex in intensity. 

B 24. This animal subsisted on a scorbutic diet and a daily dose of i-5 cc. 
of decitrated lemon juice from December 8th, 1931, to December 31st, 1932, 
when it was killed by chloroform: initial weight 290 g.; final weight 515 g. At 
the autopsy, apart from slight ridging at one of the costochondral Junctions, 
no macroscopic signs of scurvy were to be observed. The adrenal glands did 
not stain with AgNOg. The histological examination of sections stained with 
haemalum and eosin revealed that there was deep congestion but no other 
abnormality. These glands were however somewhat enlarged. 

B 44. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from March 3rd, 1932, to September 21st, 1932, when 
it was killed by chloroform: initial weight 260 g.; final weight 660 g. No macro- 
scopic signs of scurvy were observed at the autopsy. The adrenals did not stain 
with AgNOg. The histological examination revealed nothing abnormal. 

B 23. This animal, which subsisted on a mixed diet containing cabbage 
ad lib., weighed 650 g. when chloroformed, about the same weight as B 44. Its 
adrenal cortex however stained very darkly with AgNOg. The histological 
appearance of the glands was quite normal. 

B 33. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from April 15th, 1932, to March 1st, 1933, when it was 
chloroformed : initial weight 265 g. ; final weight 600 g. There were no macro- 
scopic signs of scurvy at the autopsy. The staining of the adrenals with AgNOg 
was so slight that it could not be perceived with the naked eye although a trace 
could be discerned with a lens. Histological and cytological appearances and 
the chrome reaction were normal. The pituitary did not stain with xlgNOg. 

B 34. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from June 6th, 1932, to March 1st, 1933, when it was 
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cliloroformed: initial weight 375 g.; final weight 560 g. There were no macro- 
scopic signs of scurvy at the autopsy. The adi’enals did not stain with AgNOg. 
Histological and cytological appearances and the chrome reaction were normal. 
AgNOg staining of the pituitary could only be observed with the help of a lens. 

B 58. This animal subsisted on a scorbutic diet and a daily dose of 10 cc. 
of decitrated lemon juice from January 3rd, 1933, to March 1st, 1933: initial 
weight 300 g. ; final weight 340 g. There was a check in the growth of the animal 
during the first month, w’hich was apparently due to an intercurrent disease from 
which the guinea-pig recovered. There were no macroscopic signs of scurv}^ at 
the autopsy. The adrenals did not stain with AgNOg. Histological and cyto- 
logical appearances and the chrome reaction were normal. The AgNOg staining 
of the pituitary could only be observed with the help of a lens. 

B 59. The dietetic history of this animal is the same as that of B 58 : initial 
weight 285 g. ; final weight 470 g. There were no macroscopic signs of scurvy 
at the autopsy. As in B 34 the AgNOg staining was so slight that a trace could 
be discerned only with the aid of a lens. Histological and cytological appearances 
and the chrome reaction were normal. The AgNOg staining of the pituitary 
could only be observed with the help of a lens. 

B 17. This animal, which subsisted on a mixed diet with cabbage ad lib. 
and weighed 720 g. when chloroformed, was used as a control for B 33, B 34, 
B 58 and B 59. The cortex of the adrenal gland and the anterior lobe of the 
pituitary from this animal, in contradistinction to the aforementioned animals, 
stained very darkly. The histological and cytological appearances and the chrome 
reaction were normal as m the case of the guinea-pigs which received decitrated 
lemon juice. 

The adrenals from guinea-pigs m advanced stages of scurvy did not stain 
mth silver nitrate [cf. Moore and Hay, 1932; Miller, Siehrs and Brazda, 1933; 
Siehrs and Miller, 1933] but, unlike the above specimens, they deviated from the 
normal macroscopicaUy and especially histologically, showing gross haemor- 
rhages and foci of necrosis. 

The absolute diameter of the fat zone of the adrenals showed no appreciable 
differences in the above animals (Table I). In B 17, B 33 and B 34 there was 


Table I. 


No. of 

Diam. cortex 

Biam. fat zone 

Fat content of cortex 

specimen 

mm. 

min. 

% 

B17 

1-9 

0-86 

45 

B33 

1-2 

0*83 

70 

B34 

1-4 

0-82 

59 

B58 

0-96 

0*7 

73 

B59 

0-99 

0-7 

71 


no abnormality in the appearance of the sections stained with Sudan III. In 
B 58 and B 59 the number of large fat droplets was greater than in the control 
glands of comparable size. The cells, however, were not distended, and the total 
amount of fat was only slightly greater than in the normal. 

The antiscorbutic activity of the anterior lobe of the pituitary of the ox. 

The very marked silver nitrate staining capacity of the anterior lobe of the 
pituitary suggested the necessity of assessing the antiscorbutic potency of this 
gland. The fresh pituitary from the ox which was always found to stain very 
darkly was therefore tested. Fig. 1 gives the growth curves and clinical signs 
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of guinea-pigs wliicli received daily 0-25 g. of the anterior lobe of the gland, 
and for comparison those of guinea-pigs which received daily doses of 0*25 g. 
and 0-5 g. respectively of adrenal cortex from the ox [Zilva, 1932]. It will be 
seen that the condition of the animals on the 0*25 g. dose of the pituitary "was 
as good as that of the guinea-pigs on the 0*5 g. dose of the adrenal cortex. 
Til© post mortem findings in these two groups were also similar. The pituitary 
was therefore found to be twice as active as the adrenal cortex. As the glands 
originated from different animals of unknown dietetic history it is impossible 


Adrenal cortex Anterior lobe of tlie pituitary 



C. = Chloroformed. S.S. = Slight scurvy. 

+ = Died. V.S.S. = Very slight scurvy. 

S. = Scurvy. N. =Normal. 


to say whether this relative antiscorbutic activity holds true always in the case 
of the ox. It is, however, definitely estabhshed that the anterior lobe of the 
pituitary, which when compared with decitrated lemon juice contains 40 to 50 
international units of vitamin C per g. of fresh tissue, can be as potent or rather 
more potent than either of the two most active natural sources on record, namely, 
the Alphonso variety of mango [Perry and Zilva, 1932] and paprika [Svirbely 
and Szent-Gyorgyi, 1933]. It may be mentioned her© that Agnoli [1932] did 
not find any antiscorbutic activity in desiccated pituitaiy glands. 

The relative silver nitrate staining capacity of the 
adrenal and pituitary glands in man. 

Reference was made in an earlier section to the fact that the anterior lobe 
of the pituitary in man stains more intensely than the adrenal cortex. This 
observation is brought out in detail in Table II. The dietetic history of the 
patients is rather vague since it was difficult to gauge the patients’ daily food 
intake from the details that could be obtained, especially as regards vitamin G 
during the few months preceding death. , Nevertheless it is striking that out of 
42 patients, none of whom manifested chnical symptoms of scurvy, 23 showed 
hardly any silver nitrate staining (— or d=) ni the adrenals and the highest score 
recorded for this gland was only + + . The anterior lobe of the pituitary on the 
other hand with very few exceptions always stained more intensely. In some 
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Table II. 


Sfcaininff 


55 16 hours F Laceration of tentorium 

cerebelli 

56 43 years F Pneumonia. Strangulation 

of intestine 


for 1 week 


Fluids 


Fairly good 
Fair 


-f + 


.± 

Trace 


Time of 
autopsy 
after 


No. 

Age 

Sex 

Disease 

Diet 

Nutrition 

Pituitary 



Adrenal 

death 

hours 

37 

55 years 

F 

Pernicious anaemia 

Fluids 

Fairly good 

+ 

_ 


38 

9 » 

F 

Cerebral abscess 

Mixed diet 

Good 

+ + + 

+ + 

7 

39 

34 ,, 

M 

Chronic meningitis. 
Hydrocephalus 

Mainly fluids 

Good 

-}- + 


14 

40 

71 „ 

M 

Enlarged prostate. 
Pulmonary embolism 

Light mixed 

Very good 

-}- + 

+ 

14|- 

41 

5 days 

F 

Bronchitis 

__ 

Good 

A-i- 


24 

42 

5 years 

F 

Strangulation of intestine 

Mixed diet 

Fair 

+ + -h 


57 

43 

55 „ 

M 

Papilloma of bladder. 

B ronchopneumonia 

Light mixed 
diet 

Good 

+ 

4- + 

12 

44 

50 „ 

M 

Carcinoma of pancreas 

Mainly fluids 

Very poor 

i 


3 

45 

45 „ 

F 

Obstructive jaundice 

Fluids 

Very poor 


_ 

38 

46 

57 „ 

M 

Gastric ulcer. 

Pulmonary embolism 

Fluids then 
light diet 

Poor 

± 

- 

19 

47 

45 „ 

M 

Carcinoma of oesophagus 

Fluids 

Poor 

+ 

_ 

18 

48 

(17 „ 

F 

Cerebral softening 

Mixed diet 

Good 


_ 

.10 

49 


F 

Tuberculous peritonitis and 
meningitis 

Fluids 

Very p>oor 

_ 

- 

9 

50 

12 „ 

M 

Stenosis of oesophagus 

Fluids 

Very poor 

i 

+ + 

5| 

51 

8 „ 

M 

Mastoiditis. Meningitis 

Fluids 

Fair 

4- + 

i 

38 

52 

56 „ 

M 

Carcinoma of lung. 

Metastasis in brain 

Light mixed 
diet 

Good but had 
lost much 
weiglit 

-i" 


18 

53 

50 „ 

M 

Ethmoiditis. 

Sepjtic meningitis 

Mixed diet 
then fluids 

Poor 


- 

45 

54 

62 „ 

M 

Carcinoma of stomach 

Light mixed 
diet. Fluids 

Fairly good 


- 

16 


28 

33 


57 

0 

F 

Still born 

__ 

Full term. 

A A 

A 

24 

59 





Weight 8 ‘I lbs. 



14 years 

P 

Tuberculous meningitis 

Fluids 

Good 

A A A 

A A 

30 

60 

32 „ 

F 

Abortion. Infection of uterus 

__ 

Good 

A A A 

A A 

15 

61 

42 „ 

F 

Gummatous meningitis 

Mixed diet 

Obese 

A A 4- A 

± 

10 

62 

14 „ 

F 

Congenital hydrocephalus. 

Mixed diet 

Fair 

A 


6 




Bronchopneumonia 





63 

49 „ 

F 

jMyeloid leucaemia 

Light mixed 

Fairly good 

4 — j- 


22 





diet 




64 

65 

Iday 

F 

Prematuritj^ 

— 

Weight 5 lbs. 

A A 

A 

43 

37 years 

F 

Acute mj'eloid leucaemia 


Good 

A A A A 

A 

6 

7| 

66 

33 „ 

M 

Tuberculous pericarditis 

Mixed diet 

Good 

A A A 

A 

67 

42 ,, 

M 

Carcinoma of adrenals. 
IMetastasis in brain 

— 

Fairly good 

A A 

Involved in 
tumour 

36 

68 

47 „ 

M 

Cholecystitis. 

Duodenal ulcer 

Light mixed 
diet 

Very good 

A A 

A 

11 

69 

36 „ 

F 

Gangrenous cystitis fol- 
lowing pregnancy 

— 

Fairly good 

A A A 

A A 

22 

70 

75 „ 

M 

Carcinoma of colon 

— 

Very good 


4- 

61 

72 

35 „ 

M 

jMalignant melanoma. 
Metastases in liver 

__ 

Very poor 

A 


6 

74 

24 „ 

M 

Cellulitis of face. Septic 

Mixed diet 

Good 

A± 

4- 

27 




meningitis. Pyaemia 

then fluids 
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Age Sex 

Disease 

Table II (contd.). 

Staining 

Time of 
autopsy 
after 
death 

Diet 

Nutrition 

Pituitary 

Adrenal 

hours 

5 months F 

■ GoiiYulsioiis. Rickets 

Condensed 

milk 

Good 

Trace 

- 

16 

4 3'eai'S jM 

Pneiirnoiiia. Empyema 

— 

Fair 

4- 

-1- 

40 

18 „ M 

Abscess of lung. Empj'ema . — 

Very poor 

+ 

+ 

12 

4 „ M 

Sarcoma of jaw. 
Bronchopneumonia 

Fluids 

Poor 

fl- 

Trace 

9 

48 „ F 

Obstructed labour. 
Uterine infection 

Mixed diet 

Obese 

at periphery 

at centre 

+ 

18 

31 „ M 

Abscess of liver. 
Peritonitis 

Mixed diet 
then fluids 

Fair 

“i-fl--f 

F 

-- 

25 j, F 

Puerperal septicaemia 

Mixed diet 
then fluids 

V ery good 


+ 

36 


— No staininjT. 

± 'Mylio btumiiiii oarely perceptible to naked eye but lecogiiised with lens. 

+ >1 uu iig ]e(.i)i,iii5able distinctl}’’ to naked eye giving greyish ai^pea.rance. 

+ + Lkliiiile si Hiiiiig. 

_L -j- nl id si in 
-L ..j_ j- FxtiLiiuh (iail staining. 

cases the clisparrty was extremely marked (42, 61, 65, 66, 79. and 80). It can 
hardly be explained by the fact that the adrenal is more perishable than the 
pituitary, since it occurs in some eases when the autopsy was carried out 6 and 
10 hours after death (Nos. 61 and 65). Moreover, appreciable staining of the 
acheiial cortex was obtained in certain other cases when the period was longer 
(Nos. 59 , 60 , 69 ). It is also of interest to note that the reducing substance was 
present in the pituitary of a full term infant which failed to breathe (No. 57) 
and also in a premature (35 weeks) infant which lived 6 hours (No. 64)» 

Conclusions. 

On the assumption that the substance reducing silver nitrate is ascorbic 
acid it ■would appear from the preceding experiments that it occurs in at least 
three tissues, namely, adrenal, pituitaiy and ovary of all animals whether they 
are susceptible to scurvy or not. It also transpires that the human subject and 
the guinea-pig may be free from any scorbutic symptoms and yet not show the 
presence of ascorbic acid in any of these organs by the method employed. In 
the ease of the guinea-pig it has been demonstrated that even when the animals 
received a dose of decitrated lemon juice very much above the miiiimimi pro- 
tective dose for three months or longer no accumulation of ascorbic acid could 
be discovered by this method in the adrenal cortex or pituitaiy. If the absence 
of staining be an index of the total absence of ascorbic acid the experiments 
v/ould suggest that its presence in these glands cannot be essential. The concen- 
tration of the reducing substance and of vitamin C in the adrenals and in the 
anterior lobe of the pituitary is rather striking since these two glands are 
physiologically related. Our present knowledge of this relationship is, however, 
too vague to justify?- us in attaching much significance at this stag© of the 
inquiry to this apparently outstanding selective capacity for ascorbic acid. It 
is further shown that there is a rough paraUehsm between the intensity of 
staining and antiscorbutic activity in the anterior lobe of the pituitary gland 
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as well as in the adrenal cortex.- On the other hand the liver, which contains 
vitamin C, although in smaller quantities than the above glands, does not 
stain with silver nitrate. 

Summary. 

1. The adrenal cortex, anterior and intermediate lobes of the pituitary and 
the ovary from various animals, whether siisce|)tible to scurvy or not, stain 
with silver nitrate in the dark. The Hver, on the other hand, does not stain 
with this reagent. 

2. The adrenals from guinea-pigs subsisting on a scorbutic diet plus high 
doses of decitrated lemon juice do. not stain with silver nitrate although the 
animals are fully protected from scurvy and show no abnormalities macro- 
scopicaliy and microscopically at the antopsy. 

3. The anterior lobe of .'the pituitary from the ox was found to be extremely 
potent antiscorbnticaUy (40-50 mteniational units of vitamin C per g. of fresh 
tissue). 

4. The examination of the adrenals and pituitary glands from 42 human 
cases free from chnicai scurvy revealed that, although in the majority of these 
cases the adrenals did not stain with silver nitrate, the anterior lobe of the 
pituitary did so in most cases; the intensity of staining being almost always more 
marked in the latter gland. 

We should like to take this opportunity of expressing our indebtedness to 
Messrs Burroughs, Wellcome and Co. for the gift of the pituitary gland and to 
Miss 0. E. V. Perry for helping with the tests. 
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PLATE II 




Fig. 1. B 23, B 44. Stained 15 mins, in 0*4 




I mediate tote 

cufr. 

Ant. loirc- 


Fig. 2. Pituitary of dog. Stained 15 mins, in 0*4 % AgNOg. Showing intense 
staining of anterior lobe. 
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{Received July Srd, 1933,) 

Tillmaks et al, [1932] concluded, as a result of tlieir work upon the relation 
between the indophenol-r educing capacity and antiscorbutic potency of fruit 
and vegetable juices, that these properties could be attributed to the same 
substance, which was most probably identical with Szent-Gyorg 37 i’s hexuronic 
acid. These workers claimed that the capacity of lemon juice for reducing 
iiidophenol, after being destroyed bj^ oxidation with this reagent, iodine or 
hydrogen peroxide, could be quantitatively regenerated by reduction with 
hjrdrogeii sulphide, providing that the reduction was carried out soon after the 
oxidation and the oxidised juice was not exposed to air too long; that is to say, 
the oxidation of the reducing substance proceeded first to a stage from which 
it could be regenerated. Szent-Gjmrgyi had previously claimed [1928] that 
hexuronic acid (ascorbic acid) w^as capable of being reversibly oxidised and 
reduced. It is the purpose of this note to record a few experiments which confirm 
these observations on the regeneration of the reducing capacity of lemon juice 
after oxidation with certain reagents. 

In repeating the work of Tillmans etal., various difficulties were eiicoimtered 
before their results could be substantiated. In the first place it was found 
necessary to use juices in which no traces of iron wm'e present as this vitiated 
the results. The major difficulty, however, was in completely removing the 
hydrogen sulphide, which, of course, reduces both iiidophenol and iodine. The 
above workers claimed that they were able to remove the hydrogen sulphide in 
about 40 minutes by bubbling nitrogen through the juice. They tested their 
juices for its absence by dipping lead acetate papers into the solution. It was 
found ill the experiments described below, however, that after passing nitrogen 
for about an hour, although the presence of hydrogen sulphide could not be 
detected by dipping lead acetate papers or by allowing the escaping gas to 
impinge upon wet lead acetate paper, the use of dry reaction paper revealed the 
presence of a considerable quantity of hydrogen sulphide in the solution. Further- 
more, after bubbling nitrogen for 2 hours, the issuing gas also decolorised a 
solution of iiidophenol when bubbled through it. Using a dry paper, hydrogen 
sulphide could be detected even after passing nitrogen for 5--6- hours. Decitrated 
lemon juice gives a heavy precipitate with lead acetate; it is thus probable that 
the test for the presence of hydrogen sulphide would be vitiated by this pre- 
cipitation when the paper was dipped in the liquid. Complete removal of 
hydrogen sulphide however was not necessaiy,-for it was found that after passing 
nitrogen for about 3 hours, except in the case of oxidations with hydrogen 
peroxide, the persistent residuum of hydrogen sulphide was insufficient to affect 
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appreciably the titrations. The juices were considered to be free from hydroo-en 
sulphide when the issuing gas failed to decolorise a solution contauiing llje, 
N/1000 indophenol when bubbled through it for half an hour. 

The ratio between the capacity of lemon juice for reducing iodine in acid 
solution and indophenol in neutral solution was almost invariably constant and 
the amounts of these reagents reduced were roughly equivalent. Good agreement 
between indophenol and iodine titrations of the oxidised and untreated juices 
and the absence of hych-ogen sulphide by the above test, were therefore rei^arded 
as criteria that regeneration had been effected. 

Experiments in wliich indophenols were used as oxidising agents gave rather 
low results after regeneration, but this was probably due to the relatively hio'h 
concentration of the reduced form of the indophenol w^hich very rapidly absorbs 
oxygen and may have catalysed the oxidation of part of the reducing substance 
before it could be titrated [see Zilva, 1927]. In these experiments also no iodine 
titrations could be undertaken as the indicator interfered. 

The experiments with iodme as oxidising agent gave the most satisfactory 
results both with decitrated lemon juice and the raw juice. 

Since hydrogen peroxide functions most satisfactorily in an acid medium 
oxidations with this reagent were performed on the raw juice. ’ 

Some typical experiments and results are given beloiv. 


Expeeiment.il. 

Decitrated lemon juice was prepared in the usual way. As oxidisinv agents 
were used 2 : 6-dibromophenolindophenol, iodine and hydrogen peroxide^The 
juices immediately after oxidation were placed in gas-washhig-bottles, which 
after h3hrogen sulphide had been passed through for a suitable length of time’ 
were sealed up for 24 hours. The hydrogen sulphide w^as subsequently removed 
by blowing oxj^gen-free nitrogen through the bottles. 

Titrations with indophenol w^ere made wdth a iV/1000 solution of this reagent 
which was standardised against titaiioiis chloride'. The titrations were carried 
out in neutral solution. 

Titrations with iodine were earned out as follows. 5 cc. of the juice were 
mixed with 1 cc. glacial acetic acid and then 10 cc. .V/100 iodine run in. After 
standing 5 mmutes the excess iodine w^as determined with A7100 sodium thio- 
sulphate. In the ease of raw juice, no acetic acid wyas added. 


Oxidations ivith iodine in acid solution. 


r 1 reduced 41 cc. A71OOO indophenol and 

100 cc. of the juice were nnxed with 10-2 ce. A71O iodine and left to stand for 
30 minutes. Through the mixture, which possessed no oapacitv for reducing 
indophenol hydiogen sulphide was bubbled for 10 minutes. The bottle was 
then sealed up for 24 hours, after wMch a vigorous stream of oxygen-free 
nitrogen was blown through the juice for 3 hours. At the end of the experiment, 

juice reduced 38 cc. iV/1000 indophenol 
and 4-9 cc. of A71OO iodine. ^ 


fewow jMjce. The juice used was such that 5 cc. reduced 27 cc. 
iv/1000 indophenol and 3-4 cc. iV/100 iodine. . 

A7;iA^-*^n°' acidified with 10 cc. of glacial acetic acid; 6-8 ce. 

^ /lO lodme and 3-2 cc. of water were then added. The remainder of the procedure 
was essentially the same as the above. 
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9S original juice at the end of the experiment reduced 

28 cc. N/IOOO mdophenol and 3-8 cc. N/lOO iodine. iLuuceu 

these experiments, good agreement was observed between the 
leducing capacities of the original and regenerated juices. 

Oxidations with 2 : S-dibrofnojiJmiolindojyhenol. 

originally reduced 24 cc. .V/1000 indophenol. 
oO cc. of the raw juice were brought irith N NaOH to 6-8. The reouisite 
amount of 2 : 6-dibromophenolindophenol in 10 ec. of water was added Lid the 
rmxta.e diluted to 125 cc. 100 cc. of this mixture were nexH eS as i^ the 
previous experiment except that the liquid was centrifuged before reilval of 
the h\diogen sulphide. Bubbling nitrogen for 3 hours reduced the Iiydroo-en 
sulphide to the required minimum. An amount of juice equivalent to 5 cc'^of 
the original reduced 15 cc. of .V/IOOO indophenol. 

Decitrated:^ lemon juice. 5 cc. of juice reduced 24 cc. xNqlOOO indophenol 

was addSTo'w 2; 6-clibromophenolindophenol in 10 eo. of water 

was added to oO cc. of juice and the mixture diluted to 75 cc. It was then treated 

hydrogen sulphide was removed bv bubbHng nitrogen 
for 3 hours. jLi amount of the treated juice equivalent to 5 ec. of the original 
juice reduced 12 cc. of iV/lOOO indophenol. oii^mai 

these experiments the low^ figures are probably to be attributed to 
the piesence of the reduced form of the indophenol. 


Oxidations iDitli hydrogen peroxide. 

■ ■^th this reagent are much slower than with either of tho.se used 

in the previous experiments. Great difficulty was experienced in remoidng the 
hvdrogen sulphide from the raw juices which were used. Even after passing 
mti ogen for / hours the indophenol and iodine titrations, as well as the qualitative 
tests, revealed the presence of hydrogen sulphide. The following experiment 
however, shows that a quantitative regeneration of the reducing capacity of the 
juice can be obtained after oxidation with hydrogen peroxide 

. J reduced 24 cc. of AVIOOO indophenol and 3-4 cc. iV/100 

lochne. 13-b cc. of NjlO hydrogen peroxide were run into 200 oc. of the juice, 
and then b-4 cc. of water were added. After standing for 3 hours 5 co. equivalent 
of the original juice reduced 5-5 cc. of A71OOO indophenol. The juice wa,s treated as 
m the previous experiments. Nitrogen was blowm through the juice for loi hours 
before the hydrogen sulphide was reduced to the required minimum. The equiva- 
lent of o ce of the original juice then reduced 23 cc. of A71OOO indophenol and 
3-4 cc. of iV/100 iodine. 

SXTMMAEY. 


Tillmans’s observation that lemon juice oxidised with indophenol, iodine or 
Hydrogen peroxide can regain its reducing capacity when treated wdth hydroo-en 

sulphide immediately after oxidation is confirmed. 

My th^ss are due to Dr S. S. Zilva for help and criticism and to the Medical 

Kesearcii Councii for a whole time grant. 
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CLXXV. THE VITAMIN CONTENT OF 
THE MANGO FRUIT. 



By MARGARET EMILY FRANCES CRilWFORD ain^d 
EDITH OLGA VERONICA PERRY. 

From the Divisioji of Nutrition, Lister Institute, London. 

{Received Jiily Srd, 1933.) 

In a preliminary in Yestigation [Perr^^ and Zdva, 1932], tlie Yitamins A, C and D 
of three varieties of mango, namely Alplioiiso, Cav^asji Patel and Slieiidrya, 
vmre assayed. It v^as found that the vitamin A content of the first variety was 
approximately that of a good butter and that the other two varieties were about 
half as active. The antiscorbutic activity of the three fruits showed a much 
greater variation. Thus whilst the Alphonso was about twice as active as lemon 
juice, little vitamin C was found in Slieiidrj^a, and Cawasji Patel, although not 
as active as Alphonso, showed nevertheless a very good vitamin C content. The 
presence of vitamin D on the other hand could not be established in any of the 
fruits in the doses tested. 

Ill this communication, experiments are described which show that the 
above observations on the relative vitamin potency of the varieties mentioned 
were not accidental, but that they very probabty hold true in general. 

Guha and Chalcravorty [1933] claim that the mango varieties Bombai, 
Langra and Fozli are rich in vitamin A but vary in tlieii* vitamin C content. 
Them experimental details are however not fully documented. 

Experimental, 

Treatment of experimental material. The mangoes on arrival in England w^’ere 
ripened in a warm, airy room if necessary. Owmg to them perishable character 
and in order to preserve the vitamins, the fruits ivere then placed in a refrigerator 
at ~ 20° and kept at that temperature during the tests, vitamin C being stable 
under these conditions [Bracewell et al., 1931]. As the daily weighing out of so 
manj^ small doses would have been inaccurate and iinnecessariiy laborious, a 
week's supply was weighed out for each animal and one sixth of the weekly 
ration administered every day except Sundays. The weekly doses "were stored 
at — 20° and thawed immediately before being administered to the experimental 
animals. 

Methods. Yitamin A w^as assayed on rats by a curative growhli method based 
on Steenhock’s principle [Crawford et al., 1932]. 

Yitamin C was tested prophylacticaUy [Bracewell et al., 1930]. 

The method of Chick et al. [1926] was used in the determination of vitamin D, 

The three Poona varieties: Alphonso, Cawasji Patel and Sheiidr^^'a, were 
despatched in two consignments, on June 11th and June 17tli, 1932. The 
analytical data are given in Table I. These two consignments w^ere pooled for 
the biological tests. Two other samples of Alphonso, of Surat and Bombay 
origin, were despatched on June 25th and tested separately. The anafytical data 



VITAMINS OF THE MANGO 


1291 


Table I. Chemical composition of mangoes tested. 

Mangoes despatched from India, June 11th, 1932. 


Aciditj’ in terms of H2SO4 ) % of 


Alphonso 

(Poona) 

0-28 


. 4.- 

Total sugars as glucose j pulp 14-21 

Mangoes despatched from India, June 17th, 1932. 


Shendrya 
( Poona) 

0-16 

16-19 


Acidity in terms of HoSO^ ) % of 
Total sugars as glucose ) pulp 


Alphonso 

(Poona) 

0-23 

13-84 


Cawasji Patel 
(Poona) 

0-29 

16-04 


Shendrya 

(Poona) 

0-11 

20-26 


Mangoes despatched from India, June 25th, 1932. 


Acidity in terms of H2SO4. \ % of 
Total sugars as glucose | pulp 


Alphonso 

(Surat) 

0-33 

15-09 


Alphonso 

(Bomba.y) 

0-37 

16-69 


Table II. Tests for vitamin A value of mango 'jMlp). 


Alphonso (Poona) 


Cawasji Patel (Poona) 


in g. 
0-05 ' 


0-1 


0-2 


Number of rat. 

Change 
in iveigiit 
during 

Dose 

Number of rat, 

litter and sex 

4 weeks g. 

in g. 

litter and sex 

2689 VIII c? 


0-05 

2672 VI S 

2698 IX S 

34 


2691 VIII J 

2750 XI $ 

32 


2700 IX $ 

2760 XII $ 

28 


2751 XI 9 

2807 XVIII 0 

12 


2810 XVIII $ 

2834 XXI 

20 


2837 XXI d 

2655 IV 

64 

0-1 

2661 IV J 

2664 V 0 

43 


2670 V 0 

2688 VIII 6' 

14 


2694 VIII J 

2755 XI $ 

40 


2773 XIII 0 

2770 XIII 0 

45 


2777 XIV $ 

2814 XVIII 

37 


2813 XVIII d 

2648 III J 

46 

0-2 

2633 I J 

2761 XII J 

56 


2681 VII d 

2767 XIII 

4 


2695 IX c? 

2779 XIV 2 

31 


2766 XII $ 

2792 XVI $ 

32 


2778 XIV 2 

2815 XVIII $ 



2793 XVI 2 


Change 
in weight 
during 
4 weeks g. 

7 


S bend ry a ( P 0 on a, ) 


Dose 


0-05 


Numher of rat, 
litter and sex 


2674 

2G80 

2706 

2758 

2764 

2833 


VI 

VIII 

X 

XI 

XII 
XXI 


^Ciiaiige 
in in-ight 
during 
4 'vveciis g. 


29 

19 



0-1 

2663 I\' 0 

4 

9 


2685 VIII 3 

3 



2753 XI 2 

29 



2772 XIII B 

70 

21 


2794 XVI 2 

29 

41 


2S1I XVIIi $ 

-•*5 

71 

0-2 

2640 I r7 

15 

53 


2683 VII B 

54 

50 


2762 XII B 


56 


2776 XIII 0 

1:1 

37 


2780 XIV $ 




2795 XVI S 

34: 


Positive controls. Cod-liver oil 


Negative controls 


Dose 
in g. 

0-1 


Number of rat, 
litter and sex 

2662 IV 
2679 VII 
2692 VIII 
2712 X 
2765 XII 
2768 XIII 
2809 XVIII 
2839 XXI 


o 

2 

6 

o 

$ 

o 


No 

dose 


Change 
in weight 
during 
4 w-eeks g. 

70 
81 
65 
70 
76 
93 
74 
60 

Lost weight and died. 


Dose Number of rat, 
litter and sex 


Change 
in weight 
during 
4 w'eeks g. 


2667 o 
2675 VII $ 
2690 VIII 2 
2709 X d 
2759 XII o 
2774 XIII J 
2840 XXI d 
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Table III. Tests for vitamin A value of ma?igo 


Alphonso (Surat) Alphonso (Bombay) 

A 



Change 



_ Change 


in weight 



in weight 

Dose Number of rat, 

during 

Dose 

Number of rat, 

during 

in g. litter and sex 

4 weeks g. 

ing. 

litter and sex 

4 weeks g. 

0-05 2784 XV ^ 

-6 

0-05 

2805 XVII cT 

-19 

2798 XVII S 



2820 XIX 6^ 

34 

2817 XIX 3 

-;!■ 


2826 XX c7 


2823 XX 0 

12 


2848 XXIII $ 


2858 XXIV 0 

19 


2868 XXV S 

20 

. 2872 XXVI 2 

10 


2873 XXVI $ 

—2 

0-1 2789 XV 0 

•s:- 

0-1 

2804 XVII 0 


2806 XVII 2 

18 


2822 XIX o 

25 

2816 XIX 2 



2849 XXIII ^ 

• 34 

2842 XXII 3 

46 


2854 XXIII 


2853 XXIII ^ 

57 


2874 XXVI $ 

15 

2876 XXVI ^ 

27 


2877 XXVI 

16 

0-2 2790 XV c? 

77 

0-2 

2'i88 XV Q 

46 

2801 XVII .-7 



2802 XVII c> 

1 

2824 XX 0 

22 


2845 XXII o 

25 

2843 XXII $ 

21 


2864 XXV o 

35 

2850 XXIII 0 

21 


2870 XXV (7 

35 

2807 XXV c? 

50 


2875 XXVI o 

-1 

2879 XXVI 0 

b3 




Positive controls. Cod-liver oil 


Negative controls 




r~ 



Change 



Change 


in weight 



in weight 

Dose Number of rat, 

during 


Number of rat. 

during 

in g. litter and sex 

4 weeks g. 

Dose litter and sex 

4 u'eeks g. 

0-1 2783 XV 0 

72 

No dose 2785 XV 2 

-j:- 

2799 XVII 2 

52 


2797 XVII 


2829 XX ^ 

47 


2821 XIX 2 

-x- 

2863 XXIV ^ 

73 


2830 XX 


2869 XXV ^ 

90 


2847 XXII 0 

-X- 




2859 XXIV (7 

•X- 




2866 XXV c7 

-X- 


Lost weight and died. 


Table lY. Summary of tests for vitamin C of mango pul-p). 


Dose ill gm. 

0-25 

0-5 

1 

Approximate 
equivalents in 
vitamin G 
international 
2 units per g. 

Alphonso (Poona) 


H- -1- -i- 4- 

-f A 4- 4- 

20-30 

Cawasji Patel 

± to + 

+ + -!~ 

4- 4- -t. + 

15-20 

Sheiidrya 


_ 

A 

A to A A 2 

Alphonso (Surat) 

+ + + 

+ + + A 

A A A + 

20-30 

Alphonso (Bomba}?) 

A to -h 4* 

4- 4- + -1- 

A A A A 

20-30 

Dose in cc. 

0-5 

1 

1-5 


Decitrated lemon 

4- 

4-4--fA 

— H A A 



■ juice 

for tliese are also given in Table I. The range of acidity (as H 2 SO 4 ) was from 
0*11 to 0-37 % and of sugar content (as glucose) from 13-84 to 20*26 % , whilst 
the corresponding figures for the experimental batches used in 1931, wliicli were 
less ripe when picked, were from 1-06 to 3-74 % for the acid content and from 
traces to 8*05 % for the sugar content. 

The results of the biological tests are incorporated in Tables II to IV. 
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Vit-cmiin A. It mil be seen from Table II that, as in the 1931 experiment, the 
best results were obtained •with 0-2 g. of the Alphonso variety although in this 
case also growth was not optimum. The other two varieties did not show such 
high activity. From a comparison of Tables II and III it transpires that the 
vitamin A activitj^ of the Alphonso variety does not seem to he affected by the 
place of origin. 

Vitamin G. The results are summarised in Table IV. Almost complete 
protection was obtained mth a dose of 0*5 g. of any of the Alphonso mangoes, 
showing the potenc}^ to be of a similar order to that of the fruit of the 1931 
season. The results mth the lowest dose (0*25 g.) suggest that the Alphonso (Surat) 
and Alphonso (Bombay) varieties are rather more potent than Alphonso (Poona). 
The Cawasji Patel variety is rather less potent than Alphonso, and Shendrya 
shows only slight activity. This observation is similar to that made on the 
varieties in 1931. 

Yitamm D. Owing to the negative results obtained in 1931 mth 0*2 g. of 
mango of any variety, doses of 0*6 g. of Alphonso (Poona), Cawasji Patel and 
Shendrya and of 1 g. of Alphonso (Surat) and Alphonso (Bombay) were tested in 
1932. The results as before were all negative. 

Coi^fCLUSIONS, 

In the ex;periiiieiits carried out on the mangoes grown in 1931, fruits were 
utilised wliicli arrived in an unripe condition. It w’as therefore desirable in 
repeating tlii.s wnrk to employ experimental material which was riper at the 
time of ]:)ickiiig, in order to ascertain whether the maturity factor had any 
bearing on the vitamin content of the mango. No striking indications were 
obtained in tliis direction. The vitamin C content was found to be somewhat 
higher in 1932 tliaii in 1931. The difference in activity is however not very great 
and is most probably accidental. 

We -wish to thank Dr S. S. Zilva for help and advice, and the Horticulturist 
and the Agriciiltiiral Gheinist to the Government of Bombaj^ for supplying us 
with the experimental material and the analytical data. 

The expenses of this investigation were defrayed by the Medical Besearcli 
Council out of a grant made to them by the Emphe Marketing Board, to whom 
we should like to express our indebtedness. 
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CLXXVL VITAMIN C IN CITRUS JUICES. 

By ALEXANDER HUTCHEON BENNETT 
AND DAVID JOHN TARBERT. 

Via Giuseppe la Farina, Messina. 

{Received May 13th, 1933.) 

The recent work of Swbely and Szent-Oyorgyi [1933] has brought almost 
conclusive proof of the identity of vitamin C and the ascorbic acid which can 
be prepared from orange juice, paprika, or suprarenal glands, and it has been 
shown by several workers that there is a close connection between the amount 
of ascorbic acid as determined by titration with Tillmans’s reagent, dichloro- 
phenolmdophenol, and the antiscorbutic value of the material examined. 

In the experiments described m the following pages this method of titration 
has been applied to the examination of lemon and orange juices with the object 
of aseertainiiig the degree of natural variation in the content of ascorbic acid 
coiidttioiis wilicli determine its preservation or disappearance in storage. 

^ Harris and [1933] give reasons for preferring to carry out this titration 
111 aeid solution 2-5) rather than in the nearly neutral solution proposed 
by Titans. They find that with fresh juice the results are practically identical 
but that II the juice is boiled or aerated in order to destroy the vitamin little 
diminution is found in the reducing power as determined by titration in neutral 
solution, whereas aeid titration shows a much more marked falhng-off. 

The titrations here to be described were made in very slightlv aeid solution, 
Ph about b. At this acidity the indicator gives a violet-blue coloration whereas 
111 more acid solution the colour is red, and in neutral solution indigo blue. At 
this reaction--p;g 6— the end-point is much more satisfactory than in the aeid 
State, the red coloration being difficult to see, while m neutral solution the re- 
duction of the indicator takes place slowly so that the titration becomes rather 
tedious. At pg- 6 the indicator can be run in rapid]3^ and the colour disappears 
mstaiitaneously until near the end when it slows down, and the titration is con- 
sidered to be finished when the violet- blue colour is permanent for half a minute. 

Ihe titrated liquid left exposed to the air gradually becomes dark blue from 
reoxidatioii of the indicator. 

It IS found that the indicator solution if made up in accordance with the 
supestion of Iffimans, Hirsch and Hirscli [1932], in Sorensen’s phosphate buffer 
so u ion o Pg / keeps better than in water and this solution was generally used 
for the titrations. _ As described by these authors the solution was standardised 

3 1 ra^ ion v ith titanoiis chloride, this, in turn, being standardised against ferric 
ammonium sulphate. 

• • results are given as ce. of iV/1000 solution of the indicator per 1 cc. of 
juice, and are not calculated to ascorbic acid since it is possible that other 
substances capable of reacting with the indicator may be present in the juice 
and that further work may lead to some correction for these. 

measured into a small beaker and diluted with 
^out 10 cc. of water. Add 3-4 ec. of 10 % sodium acetate solution and titrate 
with approximately iV/lOOO solution of dichlorophenohndophenol iintd the 
vio e ue CO our is persistent for half a minute. In the case of orange juice, 
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whose acidity is so miicii lower than that of the lemoiij the sodium acetate 
should be followed by a drop of acetic acid. 

Some of the results obtained with lemon juice are shown in Table I. (The 
fruit was obtained from various districts and squeezed in the laboratoiy using 
an ordinary glass lemon squeezer. The juice was passed through a strainer and 
titrated immediately.) 

Table I, 



C5C. i\'/1000 

Acidity 


cc, A/1000 

Acidit.y 


indicator per 

g. citric acid 


indicator j>er 

g. citric acid 

Sample 

1 cc. juice 

per 100 cc. 

Sample 

1 cc. juice 

per 100 cc. 

1 

9-1 

6-85 

12 

8-45 

7-0 

2 

10-7 

7-35 

13 

8-1 

6-65 

3 

lO-o 

7-40 

14 

8-25 

7-07 

4 

8>5 

6-85 

15 

9-05 

6-95 

5 

9-7 

7-65 

16 

6-25 

7-35 

6 

8-25 

6-80 

17 

8-00 

6-65 

7 

104o 

7-85 

18 

7-5 

6-80 

8 

10-65 

7-70 

19 

8-6 

7-25 

9 

9-55 

7-30 

20 

7-2 

7-05 

10 

8-1 

7-35 

21 

S-0 

7-65 

11 

7-7 

7-60 





It is seen that the variations are very considerable, the lowest value being 
only about 60 % of the highest and the doses of juice used in biological trials 
iiiajT- have quite different values in different cases. 

It has not been possible so far to see any relation between the reducing 
value of the juice and its acidity or other properties. Nor is there any clear 
connection with the degree of ripeness of the fruit, results of similar value being 
found ill December and in March. 

Even more striking variations were found between individual leiiioiis. Twenty 
lemons gathered from the same tree on March 2nd and squeezed separatcdy gave 
results varying from 4*9 to 10*0. 

Orange juice is more nearly uniform and the results are distinctly higher. 
All the samples examined have been found to lie between 10*3 and 11-8. 

Effect of preservatives. It was found that lemon and orange juices without 
any addition of preservatives could he kept for long periods without any appre- 
ciable diminution in their reducing j)ower. Although they ferment, and even 
when the surface is covered with a growih of mould, the reducing pow^^er is 
almost unaltered. 

In the presence of preservatives this is not the case. In Table II are set out 
the results of an experiment in wiiich freshly prepared lemon juice w^as divided 
into a number of portions. One was left without any addition and to the others 
were added the indicated quantities of various preservatives. The bottles w^ere 
left at the ordinary laboratory temperature (betw^eeii 16° and 22° during the 
period of the experiment) and titrated at intervals. In the unpreserved juice, 
fermentation sets in within 48 hours and is tolerably comp)lete within a w^eek. 

The sugars w^ere added in the form of 80 % syiaips so that the juice w^-as 
diluted to twice its volume. Fermentation began hi the first few^ days and the 
titration value remained practically constant thereafter. 

It is seen that formaldehyde has an immediately destructive effect on the 
reducing factor. The other preservatives do not seem, to act on it directty, but 
in all the unfermeiited juices the reducing factor had practically disappeared 
ill 30 days. 

The experiments in presence of sugar were repeated with addition of siilpliiir 
dioxide or benzoic acid as j)reservatives (Exps. 10 and 11). 
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Table II. 


Titrations 


After 


Preservative employed 

1. None 

2. Sulphur dioxide 0*03o % 

3. Benzoic acid 0-063 % 

4. Sodium fluoride 0-10 % 

5. Formic acid 0-30 % 

6. Formaldehyde 0-30 % 

7. Salicylic acid 0*05 % 

8. Glucose 40 % 

9. Sucrose 40 % 


10. 40 % sucrose -fS02 0-035 % 

11. 40 % sucrose -1- benzoic acid 0*063 % 


Original 

2 days 

7 days 

30 days 

95 days 

7-80 

7-50 

7-50 

7-35 

6-90 

7-80 

7-40 

6-90 

0-60 


7*80 

6-30 

5-60 

0-50 


7-80 

5-80 

2*20 

0-30 



7-80 

5-60 

2-00 





7-80 

0-50 

— 




7*80 

6-20 

3-20 

0-50 


3-90 

3-60 

3*60 

3-50 


3*90 

3-75 

3*75 

3-60 


Original 

3 daj's 

8 days 

16 days 

37 days 

4*55 

4-0 

4-0 

3-2 

1-2 

4*55 

3*8 

2-9 

1-0 

the juices preserved with sulphur dioxide 


....... Wit? u outers, uLiD even in mis case it 

disappeared almost entirely witliiii 30 or 40 da 3 ^s. The siilpliiiroiis acid itself 
reduces the indicator though more slowty than the reducing factor of the juice 
and 110 ^ good end-point can be obtained in its presence. Tliermetliod followed is 
to distil off the sulphur dioxide in a current of carbon dioxide, cool rapidl^r, 
dilute to the original volume and titrate. It was found that this procedure had 
im effect on the titration value of pure juice or of .juice to which siilplmroiis 
acid had been quite recentty added. 

^ expeiiment was tried of adding iniicli larger quantities of siilpliiiroiis 
acid, but this had little effect on the rate of loss of the reducing factor. 

Amount of SO 2 added 2*85 g. per litre (10 times usual addition) : 


Titration. 

5J 

J5 


5J 


J5 


Original 
After 12 hours 
,, 5 davs 

12 

,, 19 ,, 

„ 28 „ 

42 „ 


7*0 

7‘5 

7-4 

5-8 

4*1 

2*9 

M 


111 4 weeks the reducing factor had diminished to one- third of its origmal 
value but the amount of SOg stdl present was 1-6 g. per litre— five times as much 

as IS usiiaiw employed as preservative. 

^jfect of alcohol. The addition of alcohol to juice caused a rapid .loss of re- 
ducing power. 

Original 

titration 3 days 8 days 16 days 37 davs 

Juice containing 10 % of alcohol 8-55 C-9 5-0 m" 


Wdh 50 % of alcohol all reducing power was lost in 5 days. 

Effect of acidification. 


90 cc. of juice + 1 ee, bydrochloric acid, 1-8 
90 cc. of juice + 5 cc. hydrochloric acid, pjj 1-2 


Original 

titration 18 hours 8 days 
8-75 7-8 1-4 

8*3 7-2 0-9 


15 daj’s 
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Tlie reducing power falls off rapidly and is practically gone within a wecdv. 
The acidity is too high for fermentation to take place. 

Effect of traces of metals. 

Juice 0-001 % copper 
„ +0-003 % 

„ +0-001 % iron 
„ +0-001 % aluminium 

Iron and aluiiiiiiium have no effect. Copper causes a rather rapid decrease 
until feriiieiitation begins and then has no further effect. 

Effect of fasteiifisation. Juice contained in a series of test-tubes was heated 
at 65'^ for an hour. The tubes were stoppered with cotton-wool and tested at 
intervals. 

Original titration ... ... ... ... ... 8*0 


Original 

24 hours 96 hours 

o days 

12 days 

28 da; 

8-0 

6-0 0-6 

0-6 

0-6 

0-6 

8-0 

6-2 4-3 



— 

4-3 

8-0 

7-S 7-8 

7-8 

7-8 

7-7 

8-0 

7-8 7-8 

7-8 

7-8 

7-7 


Immediate^ after pai 
+\fter 16 hours 

„ 2 days 

4 

5 5 ” 5 5 

55 6 ,, 

55 8 „ 

5 , 11 5 , 

55 1^ 55 

5 , 18 „ 


.steurisation 


A steady diiiiinutioii of the reducing factor occurs, leading to disappearance 
in 18 days. Boiling juice luicler a reflux condenser for several hours causes only 
a small decrease in reducing power. The boiled juice, if protected from ferment- 
ation, follows the same course as the pasteurised juice shown above. In this 
respect we do not find any important difference when the titrations are carried 
out in acid solution as suggested by Harris and Ray. 

Titration of original juice 

,, after boiling for 2 hours under reflux 
,, after boiling for 2 hours under reflux (titrated at 
natural acidity of juice) 

Effect of lemon oil. The results in presence of lemon oil are somewhat irregular 
and this is to be expected. The oil is only soluble to a very slight extent in the 
juice so that anything beyond a very small quantit}.^ forms a layer on the 
surface of greater or less thickness and this layer may to some extent be pro- 
tective. Oil is not very efficient as an anti-fermentative, but affords considerable 
protection against the growth of moulds. 

Experiments were made with 0*2, 0*5 and TO % of oil. In all cases there 
was a fairly rapid diminution in reducing power in the first few days. With the 
smaller quantities this fall was arrested after the fifth da>j and the value then 
remained constant for several weeks at about two-thirds of the original figure. 
With 1 % the reducing power continued to diminish slowty and in 2 months 
had almost disappeared. 

In experiments with Juice pasteurised by heating for an hour at 65° similar 
results were obtained. The juice thus treated loses its reducing power at alioiit 
the same rate as when treated with benzoic acid or similar preservatives. If, 
however, at any time ferments are allowed access to the liquid the loss is arrested 
and the reducing power remains nearly constant at the point it had reached 
before fermentation began. 


1298 


A. H BENNETT AND D. J. TARBERT 


Tlie loss of- reducing power while in the sterilised state is greatly retarded if 
precautions are taken to extract any dissolved air from the juice and to. keep 
it thereafter out of contact with the' atmosphere, and experiments are now in 
course to determine the duration of the .reducing factor in these circumstances. 

All these observations are in close' agreement with the work 'of Williams and 
Corran [1930] who used the biological method and concluded that those sub- 
stances which exert the strongest preservative action against gross fermentation 
possess the greatest destructive action on the antiscorbutic vitamin system. 

It seems probable, however, that the preservatives, except formaldehyde, 
do not directly attack the reducing factor, but that they inhibit the action of 
another factor which in the untreated juice, protects the vitamin from atmo- 
spheric oxidation. 

• This protective agency being destrojmd'by all the usual aiiti-fernieiitatives 
aiicH-)y heat, and being restored if fermentation is set up in the once sterilised 
liquid before the reducing factor has disappeared, must be of the nature of an 
ejizjme [cf. Zilva, 1928]. 

Orange juice. The behaviour of orange juice is, in general, similar to that of 
lemon juice altlioiigli one or two inconsistencies have been observed which are 
still the subject of study. 

Titrations 


Preservative employed 

1. None 

2. Sulpliur dioxide 0-035 % 

3. Benzoic acid 0-063 % 

4. Sodium fluoride 0-10 % 


Original 

After 8 days 

20 days 

40 days 

11-25 

10-95 

10-9o 

10-65 

11-25 

9-40 

8-10 

6-65 

11-25 

7-80 

0-75 


11-25 

7-70 

0-60 

— 


In this series it is seen that the reducing power is maintained in the presence 
of^siilpliiirous acid to a greater extent than was found to be the case with lemon 
juice, quite half of it remaining after 6 weeks. 

it.h fluorides oi* benzoates on the other hand the loss of reducing power 
was ^ almost complete in 3 weeks. In other experiments, however, when, after 
addition of benzoate, the juice was placed in a vacuum for some time in order 
to extract as far as possible any air, dissolved or adhering in minute bubbles 
to the floating pulp, the diminution of reducing power took place muck more 
slowly. After 3 weeks the titration was 6*7, and after 6 weeks 6-25. The loss 
continued slowly and final disappearance of the reducing power required 
4 months. ' ^ 

Imrtlier experiments were made with juice from blood oranges squeezed in 
April and therefore much riper than the fruit previous^ used. After addition 
oi the iis'iiai proportion of benzoic acid the juice was stirred genth^ m vacuo, 
and was then preserved in o.rdiiiary corked bottles. To one of these was added 
sufficient citric acid (5 %) to bring its acidity up to that of average lemon juice. 


Titrations 


Treatment Original 

L None 11-25 

2. Benzoic acid 0-063 % 11-25 

3. Bo. ' 11.25 

4. Bo. + 5 % citric acid 11-25 


After 10 days 

15 dajT-s 

24 days 

10-0 

10-0 

9-8 

8-1 

6-5 

6-1 

8-0 

6-5 

5-4 

5-0 

3-1 

0-4 


The acidified juice behaves like lemon juice. The iinacidified juice loses its 
reducing power at a slower i^ate. 

Acidification with hydrochloric acid has, as with lemon juice, the effect of 
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accelerating tlie loss of reducing power provided the amount added is sufficient 
to arrest femieiitatioii. 

Original 

titration o days 8 da,ys 12 day s 18 days 

1. 90 cc. of Juice + 1 cc. liydroeliloric acid, 2-1 .10-3 9*5 9*5 9-3 9*3 

2. 90 cc. of Juice +4 ec. liyclrocliloric acid, 10*1 S*o 7*0 4-0 2-6 

In No. 1 the acidity was not sufficient to prevent fermentation and the re- 
ducing pow'er, ill consequence, remained nearly constant. 

The pjj of tlie orange juice before addition of acid was 3-6. That of lemon 
juice is about 2-1 to 2*3. 

Fractionation, The fractionation of the reducing or antiscorbutic factor in 
lemon juice when this is treated with lead acetate at various -pM. has 

been the subject of considerable discussion. Zilva [1932] is of opinion that 
there is no definite relation beWeen the reducing pow-ers of such fractions and 
their antiscorbutic values, wiiile at the same time there is no clear-cut separa- 
tion of vitamin in the different precipitates. These in fact, voluminous and 
difficult to wash, are of the tyj)© most lilvely to retain small quantities of other 
substances, and any extended manipulation of them is to be avoided since 
the reducing factor is here in a highly unstable state. In the course of a few 
hours the solution of one of these precipitates loses a large part of its reducing 
power. 

It is not clear from Zilva's paper what proportion of the total antiscorbutic 
factor he found to be contained in the precipitate at 5*4. From the obser- 
vations of Tillmans, Hirsch and collaborators [1932] it seems that about one-fifth 
of the original reducing power was precipitated at this point. 

Working with small quantities of juice which permit rapid manipulation we 
have found about 10 % of the reducing power to be removed in this precipitate. 

A second precipitate was obtained by adding ammonia to the first filtrate 
until the reached 8-0 and the filtrate from this had no redncing power. The 
second precipitate 5-4-8-0), redissolved in acetic acid, was found to contain 
over 60 % of the reducing factor originally present. 

Taken 250 cc. of lemon juice of which 1 cc. requires 10-5 cc. A'/I.OOO indicator 
solution. 

Total reducing power ... ... ... ... 2625 ce. 

L Added 13*5 g. calcium carbonate, stirring well. Heated to 85°, filtered and 
washed. Filtrate 500 cc. of wffiich 1 cc. requires 5*15 cc. indicator. 

Total reducing power of filtrate ... 2575 cc. 

of filtrate 5-4. 

Added 10 g. lead acetate, filtered and washed. Filtrate 800 cc, of which 
1 cc. requires 2*93 cc. indicator. 

Total reducing power of filtrate ... ... ... 2340 cc. 

Loss between 1 and 2 ... 235 cc. 

i.e. 9 % of total present. 

Added amiiionia to 8*0; filtered and washed. Filtrate had no reducing 
power. 

Precipitate redissolved in dilute acetic acid. Volume of solution 170 cc. 
1 cc. required 9-5 cc. of the indicator solution. 

Total reducing power ... ... ... ... 1615 cc. 

i.e. 61-5 % of the reducing power original^ present. 


2. 


3. 


4 . 
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The precipitate was decomposed with hydrogen sulphide, filtered, washed, 
the hydrogen sulphide expelled m a current of carbon dioxide and the liquid 
concentrated in vacuum to 60 cc. without further loss of reducing power. 

Ill another experiment with 500 cc. of juice nearly 70 % of the original 
reducing power was obtained in the concentrate but with larger volumes of juice 
it has not, so far, been possible to get more than about 40 % , the loss taking 
place during the formation and manipulation of the second lead precipitate. 

Gommercial juices. Mr E. K. Donovan has been kind enough to make some 
titrations of commercial juices and of juices pressed by himself in London for 
comparison with our results. 

Lemon juice freshly pressed in London gave titrations of from 7-7 to 9*45, 
results well within the range we have found in Sicily. Commercial juices, general^ 
preserved with sulphurous acid, and the syrups made from them, gave, as -would 
he expected from the foregoing observations, much lower results. The highest 
titration found was 4*7 and in other cases hardly any reducing power remained. 

Imported lime juice, preserved its oil only, gave 2-2 and 1-35. When 
freshly pressed from hmes the figures found were 4-85 and 4-9. Hassaii and 
Basili [1932] have piiblislied experiments with Egyptian limes which led tliein 
to the conclusion that fresh juice is active but loses its activity more rapidly 
than lemon Juice, and that the loss begins in the fruit itself during ripening or 
storage. The limes from which juice w^as pressed in London were of uiikiiowii 
history and probably juice from newty gathered fruit might have considerably 
higher values. 

Imported West Indian grape fruit juice gave titrations between 4 and 5 and 
freslil}’ pressed juice was not much higher. Sicilian grape fruit pressed shortly 
after gathering, however, gave a result comparable with that of lemon juice — 7-5. 

Experiments are now in course in which the reducing power of juices pre- 
served in various ways, including juices sterilised by the Matzka process, will 
be followed diirhig a period of some months and will be compared with the 
results of biological trials carried out with the same material. 

It is hoped that the results may be the subject of a further communication. 

Summary. 

1. The method of titration with dichlorophenolindoplienol has been applied 
to the examination of a number of samples of lemon and orange juices, both 
freshly prepared and joreserved in various conditions. 

2. It has been found: 

(а) That the reducing power of fresh lemon juice is subject to considerable 
variation, the lowest samples examined having only 60 % of the reducing power 
of the highest. 

(б) That the reducing power of orange juice is more constant and rather 
higher than that of lemon juice. 

- (c) That the reducing power of both juices does not diminish much in 
storage in the absence of preservatives, but that the use of preservative 
which is efficient in preventing fermentation is followed by the gradual diminu- 
tion of the reducmg power which totally (iisaj)pears in, at most, a few weeks. 

(d) That the same result is brought about by strong acidification, -pas- 
teurisation or boiling. 

3. It is concluded that in untreated juice the reducing factor is protected 
from atmospheric oxidation by the action of an enz3une, and that wffien this 
action is inhibited by any of the usual means the reducmg power is rapidly lost. 
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CLXX¥IL THE VITAMIN D ACTIVITY 

OF BUTTER. 



I A CHEMICAL DIFFERENTIATION OF THE ANTT 
RACHITIC FACTOR OF AUTUMN AND WINTER 
BUTTER FROM IRRADIATED ERGOSTEROL AND 
THE VITAMIN D OF COD-LIVER OILi. 

By STANISLAW KAZIMIERZ KON 
AND ROLAND GORDON BOOTH. 

From the National Institute for Research in Dairying, University of Reading. 
{Received July 1st, 1933.) 

In tlie course of a study of the vitamin content of typical English milk carried 
out ill the National Institute for Research in Dairying it lias been our custom 
to estimate vitamin D in butter in winter, summer and autumn by curative and 
protective experiments on rats. 

^ _ As is well known, the vitamin D content of butter is at its lowest during 

; |t'i ' the winter months. In 1931-32 we found that 1*5 g. of our winter butter fed 

daily over a period of 10 days to rachitic rats did not suffice to bring about 
I even a partial cure of the rachitic condition, that is, we were unable to obtain 

even a faint 'dine” with this amount in the curative line test. In our technique 
I ^ the butter-fat is administered to the experimental animals by pipette separately 

from the diet, and we find it practically impossible to give to the rats more 
than 1’5 g. (or almost 2 cc.) of butter daily. 

! When planning the curative experiments for the next winter period (1932-33) 

, we decided to concentrate the antirachitic factor of butter by saponification 

' 4 and to feed to rats the non-sapoiiifiable residue of larger quantities of butter, 

! ' 3 and b g. daily. In order to test the feasibility of such a method we decided 

to rehearse it in the preceding autumn and to compare, in protective experi- 
ments, the antirachitic efiects of graded amounts of autumn butter with those 
of equivalent amounts of the non- saponifiable residue from this butter. The 
protective technique was chosen in preference to curative tests because, when 
equal numbers of experimental animals are used, it is, in our opinion, more 
accurate than the latter and therefore more likely to show any possible defects 
- in our method. 

Experimental. 

Experiments carried out in autumn 1932. 

Method of sapo7iification of butter. The butter used in this study was obtained 
fioni a herd of shorthorns belonging to this Institute. The care and management 
of this herd are typical of the agricultural practice in the south of England 
» [Golding et al, 1932]. The butter was churned twice weekly in the Institute’s 

^ ^ dairy from fresh cream separated from mixed samples of evening’s and morning’s 


^ Read before the Biochemical Society, May 6th, 1933 [Kon and Booth, 19331. 
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milk blended in the proportion of 2:3, and was unsalted. It was melted at a 
temperature not exceeding 80"^ practically immediately after delivery from the 
dairy, and the rendered fat, after filtration, was stored in the ice- chest until 
required. The saponification was carried out as follows: to 50 g. of butter-fat 
100 cc. of absolute ethyl alcohol were added, followed 22 cc. of a saturated 
aqueous solution of KOH (80 g. A.R. dissolved in 54 cc. of water). The mixture 
was boiled on the w^ater-bath for 1 hour, 400 cc. of water were added and the 
iion-saponifiable matter was extracted by .shaking with three 250 cc. portions 
of “’anaesthetic^’ ether. The ethereal extract was washed twice with 200 cc. of 
water, dried over anhydrous ISTagSO^, the bull?; of the ether driven off on the 
water-bath and the residue taken to dryness in vacuo. The non-saponifiable 
residue, usiialty amounting to about 200-250 mg., was, after weighing, dissolved 
ill olive oil to a total weight of 5 g. This was done by dissolving the non- 
saponifiable residue in a small amount of ether, adding the requisite amount of 
olive oil and diiving oft" the solvent in vacuo. In this w^ay I g. of the olive oil 
solution eontaiped the non-saponifiable residue from 10 g. of butter. For feeding, 
the oily solution was distributed, by means of calibrated pipettes, into small 
porcelain dishes. The butter w^as saponified twice w^eeldy, 10 samples churned 
between October 25th and December 3rd, 1932, being used altogether for the 
autumn experiment. Of these the first six were distributed for feeding as 
described above. In the case of the last four the procedure was slightly modified, 
in that, after the non-saponifiable residue had been incorporated in olive oil, 
the solution instead of being distributed as such, w^as dissolved in 50 cc. of 
A.R. benzene. The benzene solution was then distributed into porcelain dishes 
from a burette. The solvent wms evaporated before a fan and the last portions 
removed in a vacuum desiccator. The raw butter used for feeding was ahvays 
from the same sample as that used for saponification. 

Animal tests. For the fecxling test j-ouiig rats weighmg 55-65 g. weie used. 
They were left with their mothers until tliej^ reached that weight (geiierall}?’ 
betw^een the 21st and 25th day of life). They were then randomised, placed on 
the 2965 rachitogeiiic diet of Steenbock, and the various substances to be tested 
for their antirachitic potency were given from the start separately from the 
diet for a period of 5 wrecks, six times a week. At the end of the experimental 
period the rats were killed by coal gas, and the antirachitic potency of the sub- 
stances tested W'^as assessed by estimating the ash content of dry defatted femora 
and humeri and also by the appearance of sections of radii and ulnae stained 
with silver nitrate. Four rats were used for every substance or level tested. 

Ill Table I we give the ash percentages obtained for several levels of autumn 
butter and for equivalent amounts of the non-saponifiable residue from this 
butter, wdiile Plate HI, fig. 1, gives photographs of stained sections of radii and 
ulnae of rats having received the highest level of butter and non-saponifiable 
residue, taken by the method of Dyer [1931] shghtly modified^. 

It is obvious both from the table giving the percentages of ash and from the 
appearance of sections of radii and uhiae that, as a result of saponification, the 
antirachitic potency of butter had dropped very considerably, the non- saponi- 
fiable residue of 1-| g. of butter producing an effect only slightly superior to 
that given by 0-2 g. of raw butter. 

It appears therefore that while these results w’-ere quite unsatisfactory so 
far as the elaboration of a method for the testing of butters of low” antirachitic 

^ Tlie bones, mounted according to Dyer’s method, were photographed under watt electric 
illumination, a Wratten K. 3 filter being used and the Ilford panchromatic plates being developed 
for only 3-|~4 mins, in metol-quiiiol. 

82—2 
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Table I. Aiihimn 1932, Prophylactic experiment. Antirachitic effect of butter 
and of non-saponiflahle residue from butter. Percentage of ash in dry defatted' 
femora and humeri. 


The figures for % ash are averages of duplicate determinations on groups of 4 rats. 
hTegative controls 29-2 %. 


0*1 g. butter 

0*2 g. ,, 

31-0 % 

33*6 

N.S.R. from 0-2 g. butter 

31-4 % 

0-5 g. ,, 

40-2 

0-5 i. „ 

314 

1-0 g- 

50*0 

1-Og. „ 

33*7 

1-5 g- .. 

51*8 

1*0 g. ,, 

34*5 


Positive controls 52-4 %. 


potencj^ is concerned, they were highly valuable in yielding the unexpected 
observation that the antirachitic factor of butter does not share with other 
antirachitic substances their well-known resistance to saponification. 


Experiments carried out in winter 1933. 

In the following winter period three series of experiments were carried out. 
In the first series the antirachitic potency of winter butter was compared at 
several levels in protective experiments with that of the non- saponifiable residue 
of the same butter, prepared by two different methods. A mixture of irradiated 
ergosterol (the International Standard of vitamin D) and of the same butter 
was also subjected to saponification and the antmachitic potency after saponifi- 
cation compared with that of an equivalent dosage of the International Standard 
of vitamin D (0-4 unit daily). 

In the second series two samples of cod-fiver oil and the International 
Standard of vitamin D were saponified both alone and mixed with butter and 
the antirachitic potency of the non-saponifiable residues was compared in cura- 
tive tests with that of equivalent amounts of the original substances. 

In the third series, the effect of saponification on the antirachitic poteiic}^ 
of cod-fiver oil and of the International Standard of vitamin I) (either alone or 
mixed with butter) was judged in protective experiments. 

First series of xvinter experiments. As already mentioned butter for these 
experiments was saponified by two methods, one being the method previouslv 
described. In the other, instead of boiling the butter for 1 hour with alcoholic 
potash we brought the mixture to a temperature of 60-70° for 2 minutes only, 
saponification being completed under these conditions. previously, the butter 
was saponified twice weekly in 50 g. lots, or, in the case of butter saponified 
for 1 hour in 25 g. lots. The further treatment was as previously described. For 
feeding, the non-saponifiable residue was dissolved in anaesthetic'^ ether and 
transferred to a volumetric flask containing olive oil to the extent of 10 % by 
weight of the butter originally taken for saponification. The ethereal solution 
was made up to contain the equivalent of 1 g. of butter in 1 cc. It was then 
distributed for feeding into small porcelain dishes from a special burette for 
volatile liquids. Ether was used in preference to benzene because of the rela- 
tively greater ease with which the former solvent may be removed. The butter 
for this experiment was churned between February 10th and March 14tli, 1933. 

For saponification the International Standard of vitamin D (VD. 5 issued 
September 30th, 1932) was mixed with winter butter in the proportion of 1 unit 
of the Standard to 0-25 g. of the mixture, e.g. 76 mg. of the Standard were mixed 
with 18*924 g. of butter. The mixture was then saponified for 1 hour and the 
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Table II. Winter 1933. First prophylactic experiment. Antirachitic effect of 
butter, of the non- saponifiable residue from butter and of the International 
Standard of vitamin D before and after saponificatioji [mixed with butter). 
Percentage of ash in dry defatted femora and humeri. 


The figures for % asli are averages of duplicate deterroinatioiis on groups of 4 rats. 


Negative controls 32-2 %. 


0-25 2: 

0- 5 g: 

1- 0 g. 

T5 g. 


butter 37*1 % 


46-0 

50*7 

53*2 


N.S.E. from 0-25 g. butter 

„ 0*5 g. „ 

. 1-0 g. ,, 

,, 1-5 g. „ 


^ 5 * 3 % 

36*3 

39*7 

39*2 


N.S.R. from 1-5 g. butter saponified for 1 hour 
0*2 unit of International vitamin D standard 
0-4 unit of International vitamin D standard 
0-4 unit of International vitamin D standard 
mixed with butter and saponified 

Positive controls 50*7 


41-2% 

46-9 

50-2 


50-0 


iioii-saponifiabl© residue extracted by a method exactly similar to that used 
for the extraction of the iioii- saponifiable residue in the first experiment men- 
tioned. For feeding, the non- saponifiable residue was dissolved in ether and 
distributed exactly as described in the case of whiter butter. 

Til© asli percentages obtained in this experiment are given in Table II, 
while in Plate III, figs. 2 a and 2 h are given photographs of stained sections of 
radii and uhia© of the experimental animals. 


It will be seen that, as far as butter is concerned, the results are very similar 
to those obtained in the preceding autumn. 

ITere again the antirachitic effect of the non- saponifiable residue from To g. 
of butter is only slightly superior to that given by the lowest level of raw butter, 
and the milder saponification does not prevent the loss of potenc 3 ?’ to anj" extent. 

On the other hand the antirachitic activity of the International Standard 
of vitamin D has survived iinimpaired a saponification in the presence of butter. 

Second series of winter experiments. As this series overlapped the first series, 
the same butter, saponified butter and saponified mixture of biittcc and Inter- 
national Standard of vitamin D were used in the earlier part of this experiment 
(butters churned between March iOth and March 14th, 1933) as in the first 
series. Following on this, butters churned between March 14th and 21st were 
tested. Ill addition, two samples of cod-liver oil were used, one kindly given us 
by Dr K. H. Coward and assessed b}^ her as containing 250-300 International 
units of vitamin D per g. For the other, one of us (S. K. K.) is indebted to 
Dr A. D. Holmes of the E.L. Patch Co. in Boston who sent liim_ several samples 
of this oil ill 1929. At that time its potency was given by Dr Holmes as in 
excess of 125 units (as defined in the E.L. Patch Laboratories and similar to the 
Steeiibock unit) per g. 

The cod-liver oils were tested, either as received, or after saponification, 
either alone or ■ mixed with butter. The raw cod-liver oils were diluted with 
olive oil so as to contain the requisite amount in 20 mm.^ and v’ere fed from 
pipettes made in accordance with the specifications of Memorandum 10. (A) of 
the Dept, of Biological Standards of the National Institute for Medical Research. 
Dr Coward’s cod-liver oil (No. 1) was fed at a level of 2 mg. daily, while of 
Dr Holmes’s oil (No. 2) 8 mg. were given daily. The cod-hver oils were saponified 
for 1 hour under precise^ the same conditions as previousty employed for the 
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butter. Two saponifications of each of the cod-liver oils were carried out in the 
course of the 10-day feeding period. In view of the much higher activity of 
cod-liver oil the amounts of non-saponifiabl© residue fed were much smaller 
than in the case of butter, and for this reason the concentrates from cod-liver oil 
were mixed with a relatively larger volume of olive oil and likewise ivitli a 
relatively larger amount of ether. Otherwise they were distributed in porcelain 
dishes in exactly the same way as in the case of butter. 

As aheady mentioned, the saponified mixture of butter and irradiated 
orgosterol was obtained from samples used in the first series of winter experi- 
ments. 

The International Standard of vitamin D alone w’-as saponified for 1 hour 
under conditions similar to those described above, the only difference being 
that, owing to the small quantity of the substance used (1 g.), relatively more 
ether was used for the extraction of the non- saponifiable residue from the soap 
solution in order to avoid the increased losses which might occur when such small 
quantities were handled. Only one saponification was carried out and the olive 
oil solution of the non- saponifiable residue was stored in the porcelain feeding 
dishes in the ice-chest. 

illl these substances w^ere tested on rats in curative tests, i.e, they w^ere fed 
during the course of 10 daj^s to rats previously rendered rachitic by being kept 
for 21 to 23 days on the 2965 diet of Steenbock. In Plate III, figs. 3 a, 3 h and 3 c, 
are given photographs of line tests carried out on these rats. 

It will be seen that, while the two samples of cod-liver oil and the Inter- 
national Standard of vitamin D have retained their antirachitic potency after 
saponification, whether saponified alone or in the presence of butter, winter 
butter has again lost at least a large part of its original potency. Iiicidentalty 
the butter w^as more potent this year than in the preceding winter and gave a 
definite line at the 1-5 g. level. 

Third series of winter experiments. In the third series of experiments the 
International Standard 'of vitamin I) (V.D. 6, distributed March 31st, 1933) 
was fed at 3 levels of 0*1, 0-15 and 0*2 unit daity and its antirachitic poteiic}/- 
compared in protective experiments with that of the saponified Standard fed 
at the 0*2 unit level and with that of a saponified mixture of the Standard with 
winter butter also fed at the 0*2 unit level. 

The Standard was saponified as previously described. The mixture of butter 
and Standard was made in the proportion of one part of the' International 
Standard to 100 parts of the mixture; it was saponified in the usual way. At 
first the non-saponifiable residues w^ere dissolved in ether and distributed as 
previously described. Later (10 days after the commencement of the experi- 
ment) the method was modified in the following "way. The non-saponifiable 
residues were dissolved in a small quantity of ether and mixed with olive oil 
in such a way that the requisite amount of the residue was present in 20 mm.® 
of the solution after evaporation of the ether. These olive oil solutions were 
then fed by means of vitamin I) pipettes. The bulk was kept in the ice- chest, 
and the methods, suggested by the Department of Biological Standards of the 
National Institute for Medical Research for the handling of the International 
Standard of vitamin D and of its dilutions were rigidly adhered to. 

Dr Coward’s cod-liver oil was fed as such after dilution "with olive oil (0*8 mg. 
of cod-liver oil daily) and was also fed after being saponified either alone or 
mixed with butter in the proportion of 2*5 g. of oil to 97*5 g. of butter. These 
non-saponifiable residues were fed in exactly the same way as those of the 
International Standard of vitamin D. " 
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PLATE III 
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i-Tu. ui aiitutnn butter. Prophylactic experiment. 


yf If § ^ 

0-5 unit of the International Stantlai-d of vitamin D. 
Curative experiment. 


. I V \}' \} V ■: 

‘'Nuu->aponiliabl(' re..ulue from l-o g. of autumn butter. 

Fig. 1. 


';t I Mi !1 15 ■ ti 1 

1 of winter butter. Propliylaetic experiment. 




^ V/ 


JSlon-.saponitiable r(!sidue of 0-5 unit of the International 
^Stand<lrd of vitamin I). 

■n ^ £1 k 

*7 « ff ?S w !! ;3 

Non-sapoinliable re.sfdne of mixture ol O-b unit of Intcinational 
Standard ami butter. 

Fig. lie. 


0 ^ i'* ■« V t, 

Non-.sai.onitiable residue from 1-bg- oi’ winter butter. 
Fig. 2a. 


XI V Vt t1 v/ Vif 

Negative Controls. Pntphylaetie experiment. 




u 


tr T Ti C * Q 

(>■2 unit of the International Standard of vitamin D. 
Prophylaetie. experimenl. 

'IM It i § ^ ^ 

04 unit of the Internalional Standard of vitamin 1). 


St ns 


» I S # 


N'on-,sip<milia))le re.ddui- of mixture of 04 unit of the Inter 
national Standard of vitamin D and butter. 

Fig. 26. 


l-.-.g. ol wint.-r butter. Cprative experiment. 


L, V5 i, 

Nun-.sapon ilia file re.sidue from 1-5 g. of winter Imtter. 
Fig. 3«. 








7 V ?f ® 


S mg. <if eud-liver 
oil No. 2. 

if' 

w 


2 mg. of eod-liver oil No. 1. 

is** M A <s^., S’*- 

# ^ f .4 t..» 


X.jn-,sap<jnilialtle I'C^idne Noii-saponifiahle re.sidue of 2 mg. 


of S iULU of eod-liver oil 
Xu. 2. 

. f j 

N iin-sa p( )n ilia 1 j le resid ue 
o 1 m i t n re o f 8 n i g . o f o d- 
livei'Oil Xu. 2 .lud butter. 


of eod-liver oil No. 1. 




r & TF 

Xon-saponifiablc residue of mi.xture 
cif 2 rag. of cod-liver oil No 1 and 
butter. 

Cura five experiraeuts. 

Fig. 36. 


(f S' W 1 

04 unit of the International Standard of vitamin 1). 

If I , S 1? f 

0-15 unit of the International Standard of vitamin D. 


6 ' I ^ i , . s 

0-2 unit of the International Standard of vitamin I). 


t 1 


<Cf. ?*, 

17 fi' 




Non-.saponibaljle. residue of 0-2 iinit of the International 
Standard of vitamin D. 

ft # i !? 

Non-saponifiahle re.sidue of mixture of 0’2 unit of International 
Staiidard of vitamin I) and butter. 

Fig. 4«. 


^ G ■ ft r/ ’§1 

0‘S mg. of cod-liver oil Xo. 1. Prophylactic experiment. 


47 1 n H , Tl w 

Non-sapdniiiable residue of 0-8 mg. of cod-liver oil No. 1. 

frl’ fiv -ft . 

Noii-saponifiablc residue of mixture of O-S mg. of eod-liver oil 
No. I and butter. 

Fig. 46. 
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For' testing tliese substances 3 rats were used for each level (instead of the 
.'lisiial 4) and only 2 were available for the 0*1 unit level of the International 
' Standard. ■' ' ’ 

The ash percentages are given in Table III while photographs of stained 
sections of the wrist bones will be found on Plate III, figs. 4 a and 4 It is 

Table III. Winter 19SS. Second prophylactic experiment. Antirachitic effect of 
cod-liver oil and of the International Standard of vitamin D before or after 
■ saponification [alone or mixed with butter). Percentage of ash in dry defatted 
femora and humeri. 

Ash % given as a,verages of duplicate determina-tions on groups of 3 rats (2 in the case of the 
0*1. unit level of the International Standard). 

Negative controls 32*7 %. 


0*1 unit of International vitamin I) standard ... 44*9% 

0*1.5 unit of International vitamin D standard ... 48*8 

0*2 ■■ unit of International vitamin D standard ... ... ... ... ... 47*9 

0*2 unit of I.nternational vitamin D standard after saponihcation 45*5 

0*2 iiilit of Iiiteri:iatioiia,l vitamin D standard mixed v-ith butter and saponified 46*0 

0*8 mg. cod-liver oil ... ... ... ... ... ... ... ... ... 48*7 

0*8 mg. cod-liver oil after saponification 49*4 

0*8 mg. cod-liver oil mixed vdtli butter and saponified ... ... ... ... 49*7 


evident that, under our experimental conditions, the antirachitic principle (or 
principles) of cod-liver oil .and of the International Standard of vitamin D is 
not affected by saponification in the presence or absence of butter. 

Discussion. 

When the results of several independent series of experiments described in 
the experimental part of the present paper are compared and reviewed as a 
whole, the following general conclusion may, in our opinion, be safely drawn, 
namely, that the antirachitic agent, whatever its nature, present in winter and 
autumn butters can, in experiments on rats, be chemically differentiated from 
irradiated ergosterol as present in the International Standard of vitamin. D and 
from vitamin I) semsu stricto as it is present in cod-liver oil. Under our experi- 
mental conditions we are unable to concentrate in the non- saponifiable residue 
the antirachitic potency of butter, whereas, under exactly similar conditions, 
we are able to concentrate in the same fraction practically the whole of the 
aiitii’acliitic activity of the two other antirachitic agents, thus simply confirming 
in the latter case, for our experimental conditions, the experience of countless 
other workers. Whether we are dealing here with a destruction of the anti- 
rachitic factor of butter or whether it only finds its way into a different fraction 
at some stage during the course of the preparation of the non- saponifiable 
residue we are at present unable to say. Experiments on this point are now in 
progress. Whatever the nature of the change it seems to be brought about 
readily in the course , of saponification as evidenced by our failure to obtain 
any better concentration of the antirachitic factor in the non- saponifiable 
residue by using a milder method of saponification. 

From our experiments, in which cod-liver oil and irradiated ergosterol were 
saponified in the presence of butter, we conclude that butter does not contain 
a specific destructive substance alongside the classic vitamin D, as the presence 
of butter does not affect the stability to saponification of other antirachitic 
agents. ' On the other hand it might he conceived that a specific adjuvant is 
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present in butter and enhances greatly the pharmacological action of vitamin D 
sensu stricto. While such a possibility seems to us very remote we are not pre- 
pared to rule it out mtlioiit experimental evidence. This we are seeking at 
present in experiments designed for the purpose. 

Til© diseoveiy of the antirachitic activation of foodstuffs- by ultra-violet 
irradiation and the subsequent work showing that ergosterol was apparently 
specific ill its capacity for activation by this means have led many students of 
nutrition to believe that only on© antirachitic substance exists and to reduce, 
therefore, all manifestations of aiitffacliitic activity to the common denominator 
of irradiated ergosterol. Recent evidence has extensively undermined this view, 
ill fact has rendered it untenable. The work of Hess [Hess and Supple©, 1930; 
Hess, Weiiistock and Rivkin, 1930] and of Steeiibock et al. [1932], to mention 
only two of the numerous investigators in this fi,eld, lias shown beyond reasonable 
doubt that the biological activity of fish-liver oils is, for human beings and birds 
(chicken), rat-unit for rat-unit, much higher than that of irradiated ergosterol. 

Our experiments on butter point to a clieinical difference between winter 
and autumn butter on the one hand and irradiated ergosterol and cod-hver oil 
on the other as far as their vitamin D activities are concerned. If we accept a 
difference as existing between the two latter factors, and this we have no reason 
to deiy, it seems to us that the existence of at least a trinity of antirachitic 
agents is now supported by a respectable weight of evidence. 

After having failed to concentrate the vitamin D activity of butter in its 
noii-saponifiable fraction w© searched the literature in order to see whether 
findings of a similar nature had not been recorded elsewhere. Two observations 
have attracted our attention. In one of them, Ziicker and Barnett [1922-23] 
mention theii* inability to concentrate the antirachitic activity of plant tissues 
and of butter by extraction vdth 95 % alcohol and subsequent saponification 
of the extract, while this method was successful when applied to cod-liver oil. 
W© are at present repeating Ziicker’s experiments in order to verify whether 
and at what stag© in liis procedure the butter loses its antirachitic potency. 

The second paper is by Supplee et al [1931]. These authors, in investigating 
the antii-acliitic activity of iiTadiated milk, extracted the non-saponifiabl© frac- 
tion of miUc-fat derived from dry milk or from butter but were unable to 
activate it antiracliitically by ultra-violet irradiation as judged by experiments 
on rats and chickens, whereas they were able to render ecjui valent amounts of 
original natural milk strongty antirachitic under the same conditions. 

We wish it to be clearly understood that our results, both with regard to the 
■antii’achitic potency of butter and to our inability to concentrate this potency 
ill the noii-sapoiiifiable residue, were obtained in experiments on rats, and that 
our suggestions and conclusions apply to this animal only. The pathological 
picture brought about in the rat by cleprivatioii of vitamin D combined with 
a marked alteration in the calcium : phosphorus ratio is by no means identical 
with rickets in the liiimaii being or with similar conditions in other species re- 
sulting from the simple withdrawal of vitamin D even in the presence of a 
correct mineral balance. That caution is iiecessaiy in transferring to the liuinaii 
being results obtained on the rat lias been sufficiently emphasised by the recent 
work on the comparative antirachitic potencies of irradiated ergosterol and 
cod-hver oil. 

Numerous experiments in various countries have proved beyond reasonable 
doubt that butter is antiracMtically active when tested on rats. Its value as 
an antirachitic agent for other species is, however, still very debatable and is 
yet subject to much controversy. 
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W© -ar© investigating at present tli© effect of saponification on the aiiti- 
racliitic factor of summer butter and also of butters rendered highly antirachitic 
either by direct irradiation with ultra-violet light or by the feeding to cows of 
irradiated yeast or of cod-liver oil. Such butters are sufficiently antirachitic to 
enable us to test their potency on' other species, and we would like to postpone 
further discussion until ' these results are available. 

Summary. 

1 . Autumn and winter butters, either saponified in the usual way by boiling 
for 1 hour on the water-bath with alcoliofic KOH, or by heating with alkali 
for 2 iiiiiiutes only, lose a large part (over 80 %) of their antirachitic potency 
a,s estimated by prophylactic experiments on rats. 

2. Under exactly similar conditions, irradiated ergosteroi (the International 
Standard of vitamin D) or cod-lwer oil could be subjected to saponification 
either alone or mixed with butter without loss of potency. 

3. The fact that the stability to saponification of the antirachitic factor of 
cod-liver oil and of irradiated ergosteroi is not adversely influenced by the 
presence of butter speaks against the existence in butter of a specific destructive 
factor and in favour of a true chemical difference between the antirachitic factor 
of butter and those of cod-liver oil and irradiated ergosteroi. 

Our best thanks are due to Miss B. V. Bearden for the churning of the 
butters and to N. Gruber for much work involved in the preparation of the 
photographs. 
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CLXXVIIL AVIAN POLYNEURITIS. 

FURTHER STUDIES ON THE ACTION OF VITAMIN 
CONCENTRATES IN VITRO. 


By ARNOLD PETER MEIKLEJOHNi. 

From the Department of Biochemistry^ Oxford, 

(Received June 6th, 1933.) 

The evidence from recent work has strongly suggested that vitamin is 
concerned with the oxidative removal of lactic acid in the brain of the pigeon. 
lUiinersIey and Peters [1929; 1930] showed that the polyneuritis of vitamin 
deficiency was intimately associated vdth a localised accumulation of lactic 
acid in the brain. Gavrilescu and Peters [1931] found that the oxygen uptake of 
minced brain from poljmeuritic birds was lower than normal in the presence of 
glucose, and that the addition of a vitamin B;^ concentrate m vitro was capable 
of effecting a partial reparation of this defect. More recently it has been sho-wn 
[Gavrilescu et al., 1932] that in the presence of lactate a similar defect in the 
oxidations of minced polyneuritic brain can be demonstrated, which is capable 
of being largely repaired by the addition of very small amounts of a vitamin 
concentrate in vUro^. No significant defect in the oxygen uptake of the brain 
was found in the absence of added substrates or in the presence of succinate. 
Experiments on birds, recovering from polyneuritis after dosing with vitamin 
concentrate [Meiklejohn et al., 1932] shouted that there wms an improvement in 
the oxidative behaviour of the minced brain with lactate, correspoiiding to the 
disappearance of the nervous symptoms, and with this improvement the effect 
of added vitamin concentrate in vitro diminished. It wms concluded that the 
vitamin B^ concentrates contain a substance capable of repairing the same defect 
both in the living bird and in the isolated brain, and that this defect is in the 
system responsible for the increased oxygen uptake of the isolated brain in the 
presence of added lactate. The evidence strongly suggests that the substance in 
the concentrates is the same chemical entit^r whose absence is also the cause of 
the S 3 miptoms of pol^meuritis, that is, vitamin B^ itself^. 

The simplest hypothesis in accord wdth the facts was that the defect in 
vitamin B 3 _-deficient brain lay in the oxidative removal of lactate. If this were 
the case the addition of vitamin Bj concentrate, in restoring to normal the lowered 
oxygen uptake of the deficient brain m vitro, should result in an increase in the 
removal of lactate. This has been made the subject of an investigation, the results 
of which are here described. The surprising result has been obtained that there 
is no apparent removal of lactate corresponding to the increased oxygen uptake 
induced by the addition of vitamin B^ concentrate. 

1 Senior demy of Magdalen College. 

It must be emphasised that this effect is catalytic. In the experiments described in the 
present paper 16y of solid matter in the concentrate added is sufficient to cause an extra uptake 
of about 0*2 cc. or 300y of oxygen. 

^ Tor further evidence of identity see Passmore et al. [1933]. 
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Method. 

The principle adopted lias been to compare the oxygen uptakes of two equal 
portions of a liomogeiieoiis mince of avitaminous cerebrum, with and without 
the addition of vitamin concentrate, in the presence of similar amounts of 
acldeti lactate, and to estimate afterwards the amount of lactate left by each. 

The technique employed was arranged to differ as little as possible from, that 
of previous experiments [Gavrilescu et al., 1932]. The birds, in head- retraction, 
were guillotined in the usual manner. The cerebrums only were removed and 
fiiiel}/- minced. The mince (wet weight, 0-6 to 0*8 g.) was divided into two 
approximately equal portions by weighing on a rough balance. Each half was 
then divided between two previously weighed Barcroft-Dixon bottles of usual 
type, each containing exactly 3 cc. of the same solution of sodium d-lactate^- 
in' piiosphate-biiffered Ringer of pjj 74, made up as described by Gavrilescu 
and Peters [1931, 1]. The concentration of the lactate solution was approximately 
0-006 If ill all experiiiieiits. The exact weight of tissue in .each bottle was deter- 
mined by a second weighing. Glass crushers were added to break up the mince, 
and to each of the bottles containing one-half of the mince was added 0*1 cc. of 
vitamin B^ concentrate, containing approximately 1/lOth pigeon day dose and 
8y solid matter. To each of the bottles containing the other half of the mince 
was added 0-1 cc. of a control solution; this, and the vitamin solution were 
prepared as previous^ described [Gavrilescu and Peters, 1931, 1]. The Barcroft 
apparatus were set up with the usual provision for carbon dioxide absorption 
and were filled with oxj-geii as in previous experiments. 

The ox^^gen uptake was measured over a period of 3 hours at 38^. In every 
ease each apparatus ivas levelled-off once in the course of the experiment. After 
the last reading the bottles ivere detached and their contents treated as described 
below. 

Discussion of method. 

The method of dividing the minced tissue into twm halves and comparing 
the behaviour of each requires that the mince shall be of a homogeneous nature. 
For this reason only the cerebrums have been used. On account of the small size 
of the pigeon’s brain it lias been necessary to utilise the whole of the minced 
cerebrum to obtain a sufficient difference in the oxygen uptake between the 
control and vitamin -treated samples of the mince. Unfortunately this has made 
it impossible to perform aii}^ further estimations on the same tissue other than 
the simple comparison here described. 

d-Lactate has been used to reduce the total amount of lactate present to the 
loW'Cst limit compatible with a reasonable oxygen uptake. For the same reason 
each half of the mince has been divided between only two Barcroft bottles. 
From this point of view it ivoiild have been more convenient to include the whole 
of each half of the mince in only one bottle; but dividing the tissue has tw-m 
advantages, it reduces the amount of tissue in each bottle to a safe limit (100 
to 200 mg.), and provides a check on the oxygen uptakes by determining eac.li 
ill duplicate. 

^ The sodium d-Iactate used was freshly xDrepared before each experiment from a recrystallised 
speeimeii of zinc sarcolactate by the method of Meyerhof and Lohmann [1926]. The zinc sarco- 
lactate was prepared, with the kind assistance of Mr E. B. Fisher, from horseliesli by a modification 
of Fletcher and Hopkins’s method [1907]. The re crystallised specimen was dried to constant weight 
at 120"^ and stored over CaCl 2 in a vacuum desiccator. A weighed sample gave a zinc oxide jneld of 
99-5 % of the theoretical. 
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In. practice it has not been found possible to divide each half of the mince , 
into two exactly equal samples, but the oxygen uptake of each sample has always 
been found to be proportional to its weight, both in the control and vitamin- 
treated samples [see Dixon and Elliott, 1930]. The oxygen uptake per g. of 
tissue lias been calculated from the uptake of each sample. In ten cases, from 
the experiments quoted in this paper, the difference between these figures from 
two samples of the same half of the mince has been less than 5 % , and in the 
remaining four less than 10 % . This is an indication of the homogeneous nature 
of the mince. 

The following are the results of three experiments in illustration of this. They have been 

especia,.Ily selected for the inequality of tissue between the two samples. In most experiments the 

division has been more equal. ... , 

Avitammoiis cerebrum 



( 

Oxygen uptake, per g. 
tissue in 3 hours, in 


Wet weight 

the presence of 


of tissue 

0-006 Jf sodium 

Exp. No. 

mg. 

dlactate, cc. 

6 

108 

3*35 


207 

3-38 

8 

206 

2-71 


147 

2-69 

10 

127 

2-96 


209 

2-96 


In theor^^ at least the uneven division of each half of the mince requires that both the oxygen 
uptake and the lactate removal of each separate sample shall be directly proportional to its mass, 
if the method is to be acceptable. With regard to the oxygen uptake this is shown to be the case. 
But the problem of lactate removal must be considered. A large lactate removal, not accompanied 
by an uptake of oxygen and not proportional to the amount of tissue present, might theoretically 
effect the validity of the results. In practice, however, the uneven division of the tissue is roughly 
of the same order for each of the halves of the mince w’^hose lactate removal is compared. This 
should largely compensate for the error introduced by such an improbable contingency. 

The calibration constants of the Barcroft apparatus ^ for converting scale 
di^dsioiis into mm.^ of gas absorbed, were determined under the exact conditions 
of the experiments as in previous work [G-avriiescu et al.^ 1932]. The constants 
so determined have a probable error of less than ±1%. This was confirmed by 
redetermining the constant of each apparatus during the course of the research. 

Subsequent treatment for the estimation of lactate. 

Two methods have been employed for the precipitation of the proteins. At 
first trichloroacetic acid was used as a precipitant. Since it seemed possible that 
the results might be aftected by the nature of the reagent employed, some further 
experiments were performed using Schenk’s method, as described by Leliiiartz 
[1928]h 

^ In particular reference should be made to the claim of Lehnartz that the presence of tii- 
chloioaeetic acid interferes with the estimation of lactate solutions and produces variable yields. 
This applies to a distillation method of lactate analysis. This has not been confirmed in this research 
ill which the method of Friedemann and Kendall [1929] has been used. The agreement between 
seveial estimations on the same lactate solutions has been very nearly as good as in experiments 
where Schenk’s method has been employed, (Within 0-02 cc. AV200 iodine on an average, as 
compared with an avei’age variation of 0*01 cc. with Schenk’s method.) Such improvement as 
there has been with the adoption of Schenk’s method is thought to be due solely to increased skill 
in performing the estimations. 
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A. Trichloroacetic acid method. The procedure adopted was essentially the 
same as that of other workers \e.g. Eannersley and Peters, 1930; Fisher, 1931; 
Ashford and. Holmes, 1931]. The contents of each Barcroft bottle were treated 
■with 0-5 cc. 20 % trichloroacetic acid immediately after the last reading of the 
oxygen uptake. The bottles were left in cold store overnight. The contents of 
the two control bottles were decanted into the same centrifuge-tube, and the 
bottles were washed out with three lots of 3 cc. of water. After centrifuging, the 
clear solution was poured off through a small filter-paper into a 200 cc. flask. 
The tissue in the tube was ground up with a glass rod in 0*5 cc. 20 % trichloro- 
acetic acid and left to stand with frequent stirring for half an hour. 6 cc. of 
water were added with sthring, the whole was centrifuged, and the w^ashmgs 
•\¥ere poured off tiirough the filter into the flask. The whole operation was re- 
peated. The filter was then washed tlmough with three or four lots of water. The 
bottles to which vitamin concentrate had been added w^ere treated in exactly the 
same manner. To each fia.sk w^as added 1 cc. 10 % copper sulphate solution and 
1 cc. 20 % lime suspension (sufficient to make the solution aUmline). Both were 
made up to the mark, and left for an hour before filterhig through small creased 
filter-papers. The first feiv cc. of the filtrates were rejected. Two solutions were 
thus obtained containing the lactate left by equal amounts of cerebrum, which 
had been placed in equal quantities of the same lactate solution, and treated 
with and without vitamin concentrate respectively. 

B. 8chenJds method. After the last reading 5 cc. 3 % HgCla and 4 cc. 2 % HCl 
were added to each bottle. After standing overnight the bottles were w^ashed 
out and their contents centrifuged as in the trichloroacetic acid experiments. 
The centrifugates were poured off into boiling-tubes, and the tissue left behind 
was twice ground up with glass rods and washed with 6 cc. of water. After 
centrifuging the washings w^ere added to the boiling-tubes. To each tube about 
0*5 cc. 20 % NaOH wms added, thus bringing the pjg- of the solutions to about 2. 
After treatment with H 2 S for an hour and filtering into a vacuum flask, the 
filter was carefully w’ashed, and air was drawn through the filtrate for several 
hours. The solution was then w'ashed out into a 200 cc. flask, 3 drops of phenol 
red solution were added, and the solution was roughly neutralised with 20 % 
NaOH (about 0*8 cc.). Copper-lime treatment was carried out as before. 

Percentage recoverij of methods. Two previously estimated lactate solutions were treated by the 
above procedures. The Schenk method gave a recovery of 100 % in both cases. The trichloroacetic 
acid method gave yields of 94 and 95 % . The loss may arise in the initial filtration after removal 
of the precipitated proteins. No correction has been applied to the results for this loss, as it is not 
sufficient to affect them. 

Lactate determinations. The method of Friedemann, Cotonio and Shaffer 
[1927], as modified by Friedemann and KendaU [1929], was employed. The 
apparatus was of usual type, with the exception of the absorption tower. This 
w^'as made according to a design devised by Mr R. B. Fisher. It consisted of a 
narrow-bored tube containing a single tier of large glass beads retained by a 
constriction at the bottom. The tower was designed to take only 2 cc. of bisul- 
phite solution, instead of the usual 10 cc. The solution employed was corre- 
spondingly more concentrated (4 %). By this method it was possible to wash 
out the bisulphite completely wdth only a small volume of water, and so to 
reduce the bulk of solution to be titrated at the finish. Y/200 KMn 04 was used 
for the oxidation, Na 2 HP 04 to liberate the bound bisulphite and Y/200 iodine 
for the final titration. The iodine solution was made up fresh every day from 
a stock V/IO solution, which was checked at intervals against standard 
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tliiosulpliate. A battery of three apparatus was constantly employed, each estima- 
tion being performed in triplicate on aliquot samples, containing 0*2 to 0-5 mg. of 
lactic acid. When two solutions w^ere compared (control and vitamin- treated), 
the estimation of one was performed dhectly after that of the other, and 
as nearly as possible under the same conditions. The blanit titration of each 
apparatus was frequently checked, and the percentage yield of the .estimation 
was determined at intervals on a standard zinc lactate solution. The method 
gave constant jdelds of 92 i 1 %, although the conditions of Friedemami and 
Kendall for a maximum 3 deld have been observed tlmoughoiit. A correction 
has been applied to all experimental results to bring these values up to 100 % . 


■ ;|J 

y ^ j 

. I fl 


Kesults. 

1. Control and vitamiin-treated avitaminotis cerebrum in the presence of 
added lactate: oxygen uptake and lactate removal compared. 


Wet weight 
of tissue 
ms. 


Table I. 

II 

Oxygen uptake 
ill 3 hours 


III 

Lactate recovered 
after 3 hours 


C. 

Control 


Exp. No. Control tr< 
Trichloroacetic acid experiments : 


V. 

Vitamin - 
treated 


1 406 

391 

3 362 

344 

5 389 

410 

6 316 

318 

experiments : 


7 226 

226 

9 408 

397 

12 381 

393 

14 387 

390 



cc. 

A 

mg. of 

lactic acid 

j'V 


V. 

r 

^ 

Y. 

C. 

Yitamin- 

c. 

Yitaniiii' 

Control 

treated 

Control 

treated 

M2 

1-34 

3-39 

3-48 

1*06 

1-27 

2-46 

2-46 

1-27 

1-58 

2-08 

2-10 

1-06 

1*23 

2-78 

2-87 

0-46 

0-67 

1-71 

1-81 

0*9o 

1-14 

2-97 

2*97 

1-07 

1-38 

2-80 

2*52 

0-97 

1-23 

3-39 

3-19 


Table II. 


Observed 
lactate difference 
mg. lactic acid C.-Y. in 
Col. IIL Table I 


II 

Observed 
extra oxygen 
uptake 
cc. V.-C. ill 


Expected lactate difference. 
“Lactic acid equivalent” 
of extra oxygen 
me. 


:p. No, 


X 

Uol, il. 
Table I 

r 

A 

\ 

y 

1 

-0-09 

±0*10 

0*22 

0*30 

4-0-05 

3 

0 

0*08 

0-21 

0*28 

0*05 

5 

-0-02 

0*10 

0*31 

0-41 

0*()7 

6 

-0-09 

0*10 

0*17 

0*23 

0-06 

7 

-OdO 

0-05 

0*21 

0*28 

0*03 

9 

0 

0*02 

0*19 

0*25 

0*06 

12 

-1-0*28 

0*02 

0*31 

0*41 

0-06 

14 

■4-0*20 

0*04 

0*26 

0*35 

0*07 

iiverage 

-f-0‘02 

±0*06 


±0*31 

±0*06 



Cols. X Md y represent the estimated maximmn experimental errors 
m the figures m Cols. I and II respectively (see text). 
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Tlie experimental results are given in Table I. 

Ill Table II these results are compared. Col. I (of Table II) gives the observed 
differences in lactate left hj the control and vitamin-treated halves of the mince. 
The differences in oxygen uptake are given in Col. II ; these figures represent the 
extra oxygen uptake due to the addition of vitamin concentrate. Previous 
work has suggested that this extra uptake is concerned with the oxidative 
removal of lactate. The least amount of lactate that this extra oxj^gen could 
remove is the amount that it would completely oxidise, and this is given in 
Col. III. (1 cc. of oxygen would completely oxidise 1*34 mg. of lactic acid.) 

The maximum probable experimental error in these results is given in Cols, x 
and y. This has been calculated as follows. 

Errors. The error in weighing the tissue is negligible. An air-damped Sartorius balance was 
used throughout which is sensitive to 0*1 mg. 

The lactate recovered from each sample of minced tissue is calculated from at least three 
separate lactate estimations in each case. No single estimation in the experiments quoted differed 
from the mean more than 0-03 cc. N/200 iodine. The maximum errors in Col. x are obtained 
by taking the outside figures of each group of three estimations. 

Each reading of the Barcroft apparatus is taken as being correct to within one scale division 
(about 3 mm.®). The final reading in all cases would then be correct to within ±1 %. The cali- 
bration constant of each apparatus has a probable error of 4: 1 % . The maximum error in the 
calculated oxygen uptakes is therefore ±2 %, and in the difference between two such estimations 
±4 %. The “extra oxygen uptake” was 25 % of the control uptake on the average, and so 
the average maximum error in the “lactic acid equivalent” of the extra uptakes is ± 16%. 
Calculated separately, the estimated maximum errors in these figures vary from A 9 to dz 25 % , 
and are given in Col. y. It must be emphasised that these are maximum errors. If is not likely 
that the actual errors have ever approached these figures. 

Reference to Col. I of Table I shows that in some experiments there is . an 
appreciable difference in the amount of tissue between the control and vitamin- 
treated portions of the mince. The difference is never more than 5 % , Never- 
theless this means that the observed extra ox^^-gen uptake and difference in 
lactate removed is not an exact measure of the influence of the added vitamin 
concentrate. 

A 5 To excess of tissue in the control sample, for instance, will be sufficient to increase appreciably 
the oxygen uptake and the lactate removed above the figures that would be given by an amount 
of tissue exactly equal to the vitamin -treated sample. It will also increase the amount of lactate 
at the beginning of the experiment by virtue of the lactate preformed in the excess tissue. The error 
introduced by this difference in tissue may be accurately estimated by the following considerations. 
The oxygen uptake of the excess tissue will be proportional to its mass, and can be calculated from 
the uptake of the control sample. 

Table II. 

Figures corrected as described in the text. 


Observed lactic 
acid difference 
mg. 

-0-05 
+ 0-04 
-0-07 
-0-09 
-O’lO 
+ 0*02 
+ 0-26 
+ 0-19 


Expected lactic 
acid difference 


'T4hr 
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The lactate removed by the excess tissue can be calculated from the results given in the next 
•section. 1 g. of tissue has been found to remove about 4 mg. of lactic acid in 3 hours under tb« 
conditions. The preformed lactate in the excess tissue will increase the lactate at the start of tlf 

Table n then read,s as above (p. 131S). These figures are subject to the same possible IxTer ’ 
mental errors as are tlie uneorrected figures. ^ peii-s 


It wiE be seen that the general nature of the results cannot be affected bw 
anj small diferenees that have occurred between the amounts of tissue in the 
control and vitamm-treated halves of the mince ™ 

Eeference to Col. I, Table II, shows that these experiments have faded to 
lemonstiate any marked disappearance of lactate corresponding to the extra 
oxygen uptake induced by the addition of vitamin B, concentrate to ^ 

mmranfTrf b“;, experiments, only two have shown any greato 

emoval of lactate by the vitamm-treated tissue as compared with the conS 
and in these the increase in lactate removed is less thanVe least arnonnt S 
expected if the extra oxygen uptake induced by the vitamin B eon 
centiate were due to the oxidative removal of lactate. The differences in lactate 
Srt T ! f ^tamin-treated samples are of the orde^S 

tisi ^ ^ distribution of enzymes in the mimed 


-iveu" Thev h.vcr™"”*" performed, which have not been included in the result. 

cWtoaratherirraVino”^^ 

bel“:^ --ts. and 


whr“"rirarTr,?rs^ 

rfSfdSr " ‘•'=^‘0 “ *0 xitomi B.-deLent tissue, in “4 


handicapped by the small size of the pigeon’s brain. 

Iic-t been adopted for severafreasons In tbl fiT'-f ^ 

li<,m eeyecal birds misht. i-iw..-! possible that a laiature of 


... n-!,- on obbrtotoj bb* boid^MjaTASri “f ~ 


:;:..s,rbrxT:: - _ ba. 

investiffated is admittprlhr ® lactate removal that 


been investigated is ditterence in lactate removal that 

iosollidont to aftoel tbo goo.ral natuio of ibs "■•ataom er.oio aro 
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2 . The removal of lactate by avitaminous cerehnim. 

As a subsidiary problem^ the removal of lactate by the minced avitaiiiiiious 
cerebriini ha-s also been studied in the absence of added vitamin Bj_ concentrate. 

Table III. Minced cerebrum of poly^ieuritic pigeon mcubated for S hours 
in the p7'esence of added lactate. 


All lactate figures given in terms of mg. of lactic acid. Lactate preformed in the tissue taken 
as 2 mg. per g. of tissue. Schenk’s method used in the extraction of lactate. 


I 


:p. No. 

Wet 

weight of 
tissue 

g* 

7 

0*23 

8 

0*35 

9 

0*41 

10 

0*34 

11 

0*38 

12 

0*38 

13 

0*30 

14 

0*39 


II 

III 

Esti- 

Lactate 

mated 

recovered 

lactate 

after 

at start 

3 hours 

2*42 

1*71 

4*61 

306 

4*71 

2*97 

4*57 

2*90 

4-48 

2*92 

4*50 

2*80 

4*90 

3*68 

5*08 

3*39 


IV 

V 

Estimated 

Oxygen 

lactate 

uptake 

removed in 

in 3 hours 

3 hours 

cc. 

0-71 

0*46 

1-55 

0-95 

1*74 

0-95 

1*67 

0-99 

1*56 

1-08 

1*70 

1-07 

1-22 

0*72 

1-69 

0-98 


VI 

“Lactic acid 
equivalent ” 
of oxygen 
uptake 

0-60 

1-27 

1-27 

1*32 

1*44 

1*43 

0*96 

1*31 


The experimental results are given in Table III. The table has been compiled 
from the figures of control samples of cerebrum in experiments set up primarily 
for the investigation of the problem discussed in the previous section. Exactly 
the same methods have been employed as have been previously described. 
Schenk’s method of protein precipitation was used. The lactate soiution added 
to the tissue was previously accurately estimated. In calculating the amount 
of lactate at the start of the experiment allowance must be made for the lactate 
preformed in the tissue itself. Unfortunately there was never sufficient tissue 
left over after filling the Barcroft bottles to provide enough for an accurate 
estimation of the preformed lactate. 

Kinnersley and Peters [1929; 1930] have shown that the amount of lactate 
in avitaminous pigeon’s brain 1 minute after death is about 1*5 mg. per g. of 
tissue on the average. Thereafter httle further increased formation of lactate 
seems to occur in the tissue, even after incubation for 1 hour in Ringer at 38°. 
The highest figure found by them for avitammous brain was 2*3 mg. per g. 

As a safe figure the total amount of lactate provided by the tissue itself can 
be taken as 2 mg. per g. (with a possible variation of 0*5 mg.). In Col. II of 
Table III an allowance for this amount of preformed lactate has been made in 
the estimated total lactate at the start of the experiment. 

Col. Ill gives the lactate recovered after incubating the tissue for 3 hours 
ill oxygen. This is calculated from the mean of at least three lactate estimations 
in each case. 

Col. IV gives the estimated lactate removed (Cols. II-III). 

For the purposes of comparison the total oxygen uptake is given in Col. V, 
and in Col. VI the “lactic acid equivalent” of the ox^rgen uptake (that is, the 
amount of lactic acid that it would completely oxidise). 

It will be seen that the total oxygen uptake would be only sufficient com- 
pletely to oxidise from 75 to 90 % of the lactate apparently disappearing. If 
the preformed lactate in the tissue is taken as 1*5 mg. per g. instead of 2 mg., the 
oxygen taken up could completely oxidise 85 to 100 % of the disappearing 
lactate. 

Biocliem. 1933 xxvii 83 
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An important factor in these experiments is the efficiency of the extraction of the lactate from 
tlie tissue. If the Schenk precipitate retained a significant amount of lactate, there would be an 
exaggeration of the apparent lactate removed. ^ ^ 

Previously estimated lactate solutions have therefore been added to minced l.rain under th 
condrtions of an actual experiment and the mixture treated for lactate estimations as described 
previously. Ihe following were the results obtained. 


Noniial cerebrum 
A vitaminous cere hr u m 


Lactate Lactate 

added. recovered 

mg. of lactic acid 
3-60 3.71 

1-42 1-48 

1*83 2-02 


The lactate recovered is greater than the lactate added by an amount of the same order a, 
the probable preformed lactate in the tissue. 

The experimental results of this section cannot therefore be attributed to experimental loss 
of lactate during the process of extraction. ^ 

.In view of the ab.sence of direct determinations of the lactate preformed in 

tissue, too much stress should not be laid on the figures given in Table ITT 
Nevertheless these experiments show beyond doubt that minced vitamin B -de- 
^ cient cerebrum can remove a considerable quantity of lactate {1-40 mo- /i of 
tissiie/hr. on the average). This would require for its complete oxidatio^^t W 
the whole oxygen taken up by the tissue. '' ' 

This presents the same problem as the work of Ashford and Holmes 119311 

tiri’ “■idtir'’ 

Discussion. 

. thiy research indicate that the nature of the lesion in vifn 

previous evidence suggested The lesion 
esults in a lowjed oxygen uptake of the minced brain in the presmee of 
lactate. Ihe addition of vitamin concentrate to the minced bJaiii lar^elv 
tores the lowered uptake and yet causes no corresponding increase in'tbe 

SI f concentrate must be eoncernid with Si 

oxidation of some substance other than lactate itself, although its action is t 

1 The invesrigation of the removal of lactate by the normal brain is not part of the obieet of 
this re.search. Two preliminary experiments however suo'vest that it k nf iL 1 ^ 

the vitamin B, -deficient brain. The results of these experiments are given below! " “ “ “ 


ISFormal minced cerebmiii 


Lactic acid equwaleiit of 
oxygen uptakes (mg.) 


Bird A: 

Duration of 
incubation 
in oxjrgen 

Wet 
weight 
of tissue 
mg. 

d-Lactic 
acid added 
mg. 

Lactic 

acid 

removed 

mg. 

Total 

uptake 

Extra 
uptake 
due to 
lactate 
addition 

Sample I 
,, II 

Bird B: 

90 mins. 

90 „ 

120 

130 

3-60 

3-60 

0-35 

0-28 

047 

048 

048 

048 

Sample I 
. II 

120 mins. 

120 „ 

100 

100 

142 

142 

042 

0*32 

045 

040 

0-22 

049 
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some way dependent on the presence of iactateh The evidence of previous work 
can leave little doubt that vitamin concentrate specifically restores the 
oxidation that is defective in the minced vitamin Bj_-defieient braiii^ If this 
evidence is accepted, it must be concluded that this defect in oxidation does not 
interfere with the removal of lactate itself in the minced brain. On the other 
hand the accumulation of lactate in the living brain in vitamin B, deficiency 
[Kinnersley and Peters, 1929; 1930] suggests that the removal of lactate is 
defective m vivo. It has been suggested previously that lactate may be removed 
in the brain by some path other than direct oxidation. The lesion in vitamin 
Bi-deficient brain maj^ affect an oxidation at some essential stage in the meta- 
bolism of lactate subsequent to its initial removal. This might result in the 
accumulation of lactate in tlie living brain; while under the artificial conditions 
of minced brain in vitro, it might have no influence on the initial removal of 
lactate, but result instead in the continuous formation and accumulation of the 
product of lactate whose oxidation is impaired by the le.sion. The evidence can 
be interpreted in other ways, but it is thought that this forms the most simple 
explanation at tlie present time. ^ 

It is concluded from this research that the le.sion in vitamin B, -deficient brain 
affects an oxidase system that is associated with lactate, but is not concerned 

with the removal of lactate itself in isolated brain tissue. 


Summary. 

1. ^ Previous work has shown that the oxygen uptake of minced piueoiPs 

brain m the presence of lactate in vitamin B, deficiency is lower than the normal. 
The addition in vitro of vitamin concentrate, in small amounts, largely 
restores the defect. ^ 

2. It is here shown that the addition in vitro of small amounts of vitamin B, 
concentrate, while increasing the oxygen uptake of the avitaininous cerebrum in 
the presence of added lactate causes no significant increase in the amount of 
lactate removed. 

3. llie minced cerebrum of the vitamin -deficient pigeon readily removes 
lactate m vitro. The amount removed in 3 hours is sufficient to require at least 
the total oxygen taken up by the tissue for its complete oxidation. 

I wish to express my most sincere thanks to Prof. Peters for liis constant 
encouragement and advice during the course of this research. I also wish to 
thank Mr E. Pisher for his advice on the method of performing the lactic 
acid estimations and for Ms assistance in the preparation of the specimen of 
ft-lactate used. I am also indebted to Mr Kinnersley for supplying the vitamin 
concentrate. ^ 

_ 1 In previous experiments [Gavrilescii et al, 1932] it was shown that the addition of vita- 
mm concentrate 2 . 7 ?, vitro increased the oxygen uptake of vitamin Bi-deficient cerebrum by 
4;j mm. /g./lir. on the average in the absence of added substrates, and 340 mmp/g./hr. in the 
presence of added lactate. The small increase in the absence of added substrates was attributed 
to the presence of lactate preformed in the tissue itself. 

“ The addition of vitamin concentrate to the avitaminous brain in the presence of sueeinate, 
an to the iiomial brain with lactate, causes no significant increase in the oxygen uptake [Gavril- 
escu et al, 1932]. Burtiiermore in birds recovering from polyneuritis the eft'ect of the concentrate 

lactate decreases as the oxidative behaviour of the brain with lactate improves 
[Meiklejohn et al, 1932]. 


83—2 
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CLXXIX. A COMPARATIVE INVESTIGATION OF 
URINE- AND SERUM-PROTEINS IN NEPHRITIS. 


By ELSIE MAY WIDDOWSOY. 

From the Gourtmild Institute of Biochemistry, the 
Middlesex Hospital, London, W. 

{Received Jtme 30th, 1933.) 

Whilst various attempts have been made to solve the problem as to whether 
the passage of protein through the kidney involves structural alteration of the 
molecule, no complete investigation on the subject has been carried out. 

Ilynd [1925] found close agreement in specific rotation between the serum- 
and uriiie-albiimin in the albuminuria of pregnancy except for certain cases of 
eclampsia in which the urinary albumin was apparently identical with cow’s 
lactalbumin. His results, however, are not reliable since his proteins were not 
entirely lipoid-free, and the solutions wdiich he used for the optical rotation 
measurements were so dilute that in some cases his experimental error was 
probably nearly 30 % . 

Hewitt [1927, 1 ; 1929] observed that albumins from the serum and urine of 
patients with chronic nephritis and albuminuria were identical in optical rotatory 
power and concluded that serum-albumin probably leaks through the kidney 
unchanged. He could not confii^m the results of Hynd [1925]. Hewitt’s method 
of separation of the albumins from serum and urine appears to be satisfactory, 
but his investigation of these proteins was confined to observations of their 
specific rotatory powers. Also, this worker makes no attempt to isolate his 
albumins in the solid form, but relies upon determinations of nitrogen in their 
solutions for the calculation of the protein concentration, apparent^ assuming 
that the proteins are sufficiently pm:e for the nitrogen percentage in them to 
be taken as equal to the theoretical value. 

A study of the physical properties of proteins as a means of their identifica- 
tion has been carried out by various workers. 

Hardy and Gardiner [1910] and Young [1922] have shown that the optical 
rotation of proteins differs with variations in the of the solution, and 
Woodman [1921] has demonstrated that the optical rotation of a protein in 
alkaline solution falls for about 2 weeks. If the rotation is plotted against time, 
a definite curve is obtained. This worker suggests that this racemisation curve 
is a most satisfactory means of identff^-fing a protein, 

Cavett and Gibson [1931] have shown that the racemisation curves given 
by albumins and pseudoglobuHns from nephritic urines are similar to those of 
the corresponding serum-proteins. These workers, however, appear to have 
assumed that a single fractional precipitation is sufficient completely to separate 
the albiimin and the globulin in the mixed protein. Experience has showTi that 
at least tliree or four fractional precipitations with ammonium sulphate are 
necessary if the proteins are to be obtained in a purified form, and it is of 
interest to note that all proteins relied upon by Woodman for his work on 
racemisation were fractionally precipitated seven times, while Hewitt [1927, 1,2; 
1929], who investigated the optical rotation of urinary albumin, precipitated his 
protein three times with ammonium sulphate. 
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Govaerts [1924; 1927 ; 1929] and Verney [1926] have investigated the osmotic 
pessures of the serum-proteins from nephritic patients. Both these worker 
however, appear to have confined tlieii- attention toa study oftheosmotic pressure 
nf Tf*- f evidence of an attempt to determine the osmotic pressure 

of .solutions of the separated serum-proteins could be found in the literature 
Schretter s [1926] survey of previous work on the specific refractions ' of 
protems in normal and pathological sera shows that the results obtS bv 
various workers differ widely one from another, probably owing to tlm Smium 
proteims employed by the different workers. Adah and Robinson [1930 Tie 
earned out a very careful study of the specific refraction increments of reTstal- 

globulin from horse-serum, and they have .shown that the 

\ Q.I116 is a coiistsiiit for ^113^ givon protoiii. 

It was thought that it would form a most interesting study to investio-ate 

tl e Tf T?e mliT-t of nephritic patieits by means of 

10 Van feljLe [1911] nitrogen distribution method and further to examine 

lese piotems by a .study of their racemisation curves, osmotic pressures and 
jecific refractions. It was hoped that by combining the re.sults^ obtained bv 
Physical means to obtain definite information as to whether the 

“rough “klcln^ 

/Source of material. 


A normal healthy man was selected as a source of material for the normal 
plasma-protems, whilst the blood and nrme in cases of proteinuria we ob Wd 
from m-patients of the Middlesex Hospital. btamed 

He thf 0 • T'"* T ^ ® observation for some 3 years 

proteinu-aXinTT^ 


Preparation of proteins. 

•< »- --o. 

r; “sisns i" "~r' -.-rj' ‘“"‘” 

f So" 

flask of a small piece oi sodium Both^he ei 

first 2 koui.. VvLu tbeTm rtiont fTo th® 

Ser,„...proiei«/ne .seruTTprd the proteins were spread in the aii- to dry. 

into 10 times its volume of a ^xtu^re of 1 , laboratory method, was poured slowly 

recommended bjrllewtt [1997 i 9i rm pa-rts) and etlier (3 parts) cooled to -5° as 

urine-proteins. ' ' ^ laiiiiex similar to that described for tlie 
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Separation of albumin and globulin, 

Urin£-proteins. Th e mixed proteins were ground in a mortar with a small quantity of distilled 
M'ater until tliey had become thoroughly moistened, the quantity of water being gradually iii- 
{‘I’c-ased to a, suitable volume, and the solution was then neutralised by the addition of a few drops 
of ammonia. The cdear solution thus obtained was filtered from the small amount of insoluble 
material which remained and treated "with half its volume of saturated ammonium sulphate 
solntion. After the precipitation had continued overnight the globulin was filtered off on a fluted 
paper and the filtrate half -saturated with ammonium sulphate. In most cases there w'as no 
further precipitate, but where a turbidity w'as produced the solution was filtered and the pre- 
cipitate discarded. The precipitation of globulin at saturation with ammonium sulphate, instead 
of at the more usual saturation, lessens the possibility of contamination of the precipitate with 
albumin, since the dr 3 ?' mixed protein contains a considerable percentage of ammonium sulphate 
whicli increases the concentration of this salt beyond the calculated value. 

Sufficient ammonium sulphate solution was next added to the filtrate to render the final 
concentration of the salt 70 % , and the Avas adjusted to 4*7 by the addition of acetic acid. 
Next morning the precipitated albumin was filtered off on a fluted paper. The globulin and 
albumin were redissolved in %vater and reprecipitated 3 times at concentrations of J and 70 % 
saturation with ammonium sulphate. 

After the final filtration the precipitates were taken up wdth w^ater and the solutions dialysed 
through cellophane bags against running w^ater for 3 days, then against distilled W’ater which was 
changed daily until the protein solution Avas free from ammonia. The dialysed solution \ras filtered 
and evaporated down to small bulk in vacuo at 40°, the solution being allow^ed to drop into the 
distilling flask, from a funnel drawm out to a capillary, as fast as the water was removed by dis- 
tillation. The concentrated solution of pure protein was added drop by drop to a mixture of 
alcohol (7 parts) and ether (3 parts) cooled to —5° as before, and, after standing for some hours, 
the proteins w^ere filtered off on a Buchner funnel, dried in vacuo over sulphuric acid and ■weighed. 

Serum-proteins. The precipitated serum-proteins were separated by a method similar to that 
employed for the urine-proteins, but all precipitations 'v^ere carried out in a 100 ce. centrifuge-tube, 
and the precipitates were centrifuged instead of being removed by filtration. Globulin was 
precipitated 4 times at -J- saturation with ammonium sulphate. After each precipitation of 
the globulin, the concentration of ammonium sulphate w^as increased to 50 %. In some cases 
a very small precipitate was formed but never in sufficient quantity to w^arrant further investiga- 
tion. It was therefore removed by filtration, the ammonium sulphate concentration was increased 
to 70 % and the albumin precipitate centrifuged off, taken up with water and reprecipitated 
3 times. The solutions of the separated proteins were dialysed as before, then filtered, and the water 
was removed by leaving the solutions in a vacuum desiccator over sulphuric acid for about a week. 

It will be observed that the above method of isolation of the proteins from serum or from 
urine makes no attempt to separate the two globulins, eiiglobulin and pseudoglobulin, by frac- 
tional precipitation, x\ccording to various v-orkers [see Hartlej^, 1914; Woodman, 1921; Cavett 
and Gibson, 1931] euglobulin is precipitated at saturation with ammonium sulphate, and 
psendoglobulin at saturation with this salt. It has alreadj’’ been pointed out, however, that 
it is difficult to ascertain exactly the ammonium sulphate concentration of the solution during 
the process of fractional precipitation, and it was thought that it would be more satisfactory to 
carry out analyses on the total globulin rather than to attempt a separation of the two globulins 
which Avoiild certainly be most unreliable. Hartley [1914] has sliovui that anatyses of euglobulin 
and pseudoglobulin failed to reveal any striking differences in the chemical composition of these two 
substances. 

Analysis of urine- and serum-proteins by the Van Sly he 
nitrogen distribution method. 

The small amounts of seriim-albumin and globulin available for analysis necessitated the 
use of a micro-method for the determination of the Van tSl 3 ffie [1911] nitrogen distribution. The 
procedure adopted was that of Narayana and Sreenivasaya [1928] with the modifications that the 
amnionia-N was determined b 3 " the method of Plimmer and Rosedale [1925] and the arginiiie-N 
by a micro-adaptation of the method of Koehler [1920]. 
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Table I. Comparative analyses of urine -albimdn by the micro- and macro- 
methods of determination of the 7iitrogen distribution. 

(Results expressed as percentage of total jST.) 


Duplicate anabases by tlie 
micro -method 


Analyses by Plimniei’ 
and Rosedale’s 
^ modification of 
Van Slyke’s inetliod 


Ainmoiiia-N 

6*63 

6*28 

6*40 

Huinin-N 

M2 

1*25 

1*49 

Arginine -N 

7*99 

7*82 

7*54 

Histidine-N 

7*01 

6*53 

' 5*09 

Cystine 4- lysine-N 

14*44 

14*77 

20*50 

Amino-XT of filtrate 

60*34 

61*16 

58*29 

iVon-amino-N of filtrate 

2*02 

1*88 ■ 

1*53 

Total N recovered 

99*55 

99-69 

100*84 


The results of these determinations are shown in Table I and it will be 
observed that the agreement between the results for the duplicate anal^^ses by 
the micro-method is fairly close. Apart from the histidine, which is a calculated 
percentage and which is therefore most liable to error, the variation is alivays 
less than 0*5 % of the total nitrogen. Certain differences between the results of 
the analyses by the micro- and macro -methods are, however, apparent. The 
micro-method gives results for the c^^stine- and lysine-nitrogen which are about 
6 % lower than those obtained by the macro -method, while the value for the 
non- basic nitrogen is definitely higher. This difference is explained by the fact 
that the precipitation of the bases in the micro-method is carried out in a more 
dilute solution than when the experiment is performed on a macro-scale Hence 
a larger correction for the solubility of the bases must be applied in the case of 
the small scale experiment. Since no figures are available for this correction, and 
since it did not fall within the scope of this w'ork to determine them, it was 
decided that in order to obtain comparative results for the analyses of the 
urine- and serum-proteins it would be necessary to carry out all the analyses by 
the micro-method. " j a 

The results of these analyses are shown in Tables II and III, beins expressed 
as percentages of the total nitrogen in the protein. 

It will be observed that there are no very striliing differences between the 
values obtained for urine-protein and those of the corresponding serum-protein 
m patients suffering from neplmitis or nephrosis. From this it may be concluded 
that there is no chemical alteration in the structure of the protein during its 
passage through the kidney. ^ 


lable II. Analyses of urine- and serum-alhmnins by the Van Slylce 
nitrogen distribution method. 

(Results expressed as percentage of total N.) 

H, P. H. F. 


Ammonla-N 

Humin-N 

Arginiiie-N' 

Histidine-X 
Gystine rlysIne-X" 
Amino- N of filtrate 
Xon-amino-N of filtrate 
Total K recovered 


Urine- Serum- 
albmnin albumin 


Urine- Serum- 
albumin albumin 


Urine- Serum- 
albumin albumin 


n. j. 

Urine- Serurn- 


6*03 

6*25 

7*66 

7*08 

6*97 

7*13 

7*40 

1*12 

1*48 

0*70 

1*50 

0*34 

0*73 

0*40 

7*991 
7*01 1 
14*44 J 
60*34 
2*02 

• 28*93 

60*86 

2*97 

7*80 

7*52 

11*75 

61*08 

3*16 

8*01 

7*68 

11*25 

61*88 

2*43 

8*33 

6*32 

13*44 

60*97 

2*86 

7*83 

6-56 

12*18 

61*57 

3*37 

8*64 

6*34 

11*93 

61*33 

2*94 

99*55 

100*49 

99*67 

99*83 

99*23 

99*37 

98*98 


E._F. Normal 
Urine- serum- 
albumin albumin 


7*37 

0-83 

8-57 

5-76 

11*93 

61*93 

3*04 


7*38 

0*66 

8*00 

7*66 

11*76 

59*89 

3'54 


7-31 

0*47 

8*22 

6*83 

12*38 

60*60 

3*55 


99*43 98*89 


99*36 
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Table III« Anahjses of tirine- and serum-globulins by the Van Slyhe 
nitrogen distribution method. 

(Results expressed as percentage of total N.) 


Ainiiinnia-^ 

AigininO"X 
llislidine-N _ 
rysiliie -!-lysine-iN 
Amino-N of filtrate 
Kon-ainino-N of filtrate 

Total N recoyered 


s. 

B. 

H. P. 

H. 

F. 

D. 

J. 

E. F. 

Normal 

Urine - 

Serum- 

Urine- Serum- 

Urine- 

Serum- 

Urine- 

Serum- 

Urine- 

serum- 

globulin 

globulin 

globulin globulin 

globulin globulin 

globulin 

globulin 

globulin 

globulin 

1146 

11-89 

10-42 8-65 

9-80 

9-27 

9-02 

9-04 

9-79 

9-25 

0-96 

9'70 

1-52 

1-70 0-41 

1-10 

0-56 

0-82 

0-74 

1-62 

0*53 

10-07 

10-22 10-01 

10-20 

10-49 

11-46 

11-57 

10-98 

10-67 

4*72 

5-18 

5-21 4-52 

5-24 

4-23 

2-54 

2-80 

2-96 

4-21 

7*16 

7-08 

7-78 9-63 

8-31 

7-46 

9-86 

10-33 

9-28 

9-78 

61-32 

63-37 

61-46 

58-70 60-88 

60-82 

63-82 

63*52 

61-93 

58-22 

3-08 

3-16 

5-43 5-84 

3-58 

3-71 

2-76 

2-76 

6-70 

3-57 

ioO-45 

100-36 

99-46 99-94 

99-05 

99-54 

99-98 

99*17 

99-55 

99-33 


A comparison of tlie analyses of the proteins from different patients shows 
some very interesting results. The albumins and globulins in the urine and 
serum of "patients suffering from nephritis are apparently identical with those 
of noriiial human serum. In the ease of nephrosis, however, certain slight 
differences are apparent. The corresponding urine- and serum -proteins are 
identical, but the analyses of these differ in certain respects from those of the 
proteins from normal serum or from the urine or serum of patients who are 
suffering from nephritis. The most marked difference is seen in the percentage 
of am.monia-N. This in the case of the urine- and serum-albumin from a patient 
suffering from nephrosis is about I % lower than the mean value obtained 
from normal serum-albumin and nephritic urine- and serum-albumin. The 
corresponding value for globulin in nephrosis is about 2 % higher than the 
normal value. Slight differences are also noted in the percentage of nitrogen 
ill the basic and non-basic fractions. The basic nitrogen for albumin has a value 
2 % higher in the case of nephrosis, while the basic nitrogen m the globulin is 
about 2 % lower than in the normal protein. These differences are small, and 
since only one case of nephrosis was studied, no definite statement can be made 
regarding this apparent slight alteration in the chemical structure of the urine- 
and seriml-proteiiis in nephrosis. 

The raceinisatiofi curves of urme- and serum-proteins. 

The racemisation of the proteins was investigated by a method similar to 
that employed by Cavett and Gibson [1931]. 

About 6*4 g. of the urine-protein was shaken with 10 cc. of distilled water 
and left to stand overnight. 10 cc.' of NaOH were then added, and the mixture 
was well shaken and filtered through a pad of asbestos in a small Gooch crucible. 
By these means about 20 cc. of a clear solution consisting of 2 % protein in 
Nj2 NaOH were obtained. 

Polarimeter readings were taken at intervals of a few hours during the first 
day, and subsequently only once every 24 hours, and the racemisation was 
allowed to proceed for 10 days. A Schmidt and Haentsch polarimeter was 
employed, and a Zeiss electric sodium vapour lamp was used as a source of light 
(A = 5893 A.). This lamp, whose intensity is about 50-100 times as great as that 
of a Bunsen burner with rock salt, enabled the polarimeter readings to he taken 
with ease and accuracy, and without any undue strain on the eyes. ^ 

After each reading, the 10 cc. of protein ■ solution in the polarimeter-tube 
were added to the remainder of the same solution in a test-tube, which was 
then stoppered and incubated at 38° throughout the racemisation period. When 
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Fig. 3. R-acemisatioii of iirine-giobiiliiis in alkaline solution. Fig. 4. Racemisation of serum -globulins in alkaline solution. 
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if- was desired to take another reading, the solution was removed from the 
incubator, cooled in running water, and the clean dry polarimeter-tube was 
refilled. This procedure makes it possible to carry out a series of readings on 
solutions of several proteins simultaneously, even though only one polarimeter- 
tube is available. The 20 cc. of protein solution originaUy prepared were suffi- 
cient to fill the tube 10 or 11 times provided that care was taken during the 

the case of the serum-proteins, where only a small amount of material 
•was available, a micro-polarimeter-tube was employed, 8 cm. in length and of 

0*15 CC- capacity. 

About 0-1 g. protein was dissolved in 5 cc. A^/2 NaOIl and the solution was 

filtered. The polarimeter-tnbe was freshly filled between each reading as before. 

The specific rotatory power of the protein at each stage during the racemisa- 
tion period was calculated from the mean value of 10 polarimeter readings. 
4t the end of the experiment an aliquot portion of the protein^ solution was 
diluted to 5 times its volume and the total N determined on duplicate portions 
of 2 cc. by the micro-Kjeldalil method. The percentage of total N in the dry 
protein having been previously estimated, the concentration of protein in the 
solution could he calculated. From these results the specific rotatory powers 
could be determined, and these are showm in Figs. 1-4 where specific rotatory 
power is plotted against time of racemisation. 

There is evidently no striking difference between the optical rotation of 
the urine-protein and that of the corresponding serum-protein in patients 
suffering from nephritis or nephrosis. These results confirm those which were 
obtained from the chemical investigation of the same proteins and indicate 
that there is no alteration in the structure of the protein during its passage 

through the kidney. _ , ,, -a- ^ 

It will b© observed from Fig. 1 that the points plotted for the racemisation oi 
iirme-albumin from five different patients suffering from nephritis or nephrosis 
all lie on the same curve as those for normal serum-albumin. Similar results 
are obtained for the serum-albumins (Fig. 2), the urine-globulins (Fig. 3) and 
the serum-globulins (Fig. 4). Hence the albumins and globulins in the urine 
and serum of patients suffering from nephritis are apparently identical with 
those of normal human serum, so far as their optical rotations are concerned. 
Certain slight differences in the chemical structure of the proteins in the case 
of nephrosis have already been noted. A similar difference was not apparent 
in the optical properties of the proteins. The albumins and globulins from the 
urine and serum of a patient suffering from nephrosis are apparently ph 5 ?-sically 

identical with those of normal human seriim.^ ^ i • • 4 . 1 . 

It is probable therefore that in nephrosis there is some alteration in the 
arrangement of the amino -acids in the serum- and urine-proteins, but this 
difference is not detectable by a measurement of their optical rotations. 

lleasure^nent of the osmotic ffcssures of urine- and serum-ffoteins. 

The apparatus used for the measurement of the osmotic pressures of solutions 
of albumin and globulin from urine and serum "was similar to that described 
by Verney [1926], except that one osmometer only was used, instead of the 
series employed hj him. A water manometer was used to measure the osmotic 
pressure, and a disc of cellophane (substance 300) was employed as the seiiii- 
permeable membrane. 

The precautions which Verney took to sterilise the parts of ins apparatus 
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were foiiiid to be unnecessary, when, instead of serum, a solution of purified 
pi’otein was used. The metal parts were coated a thin layer of paraffin, 
wax ]:)efore the commencement of the experiment. 

The all)umi]i or globulin was dissolved in 0*9 ^4 sodium chloride solution 
so that the protein concentration was approximately 6 %, and 0-9 % sodium 
chloride solution was used as the external liquid. Verney’s procedure was 
followed exactly, and the osmosis was allowed to continue for 24 hours. After 
taking the manometer reading the protein solution was removed and the total N 
, determined. DupMcate osmotic pressure deterniinatioiis for each protein were 
made, and the results were expressed as osmotic pressure (cm. water) per g. 
protein per 100 cc. They are shown in Table IV. 

Table IV. Osmotic pressures of urine- and senim-proteins. 



o.r. of 

ur ine - 

Temp. 

(Calculated 

O.P.of 

seriini- 

per g. protein per 100 cc.) 

O.P. of 

Temp. urine- Temp. 

O.P. of 
serum- 

Temp. 


albumin 

"C. 

aibumin 

°C. 

giobuliii 

"C. 

globulin 

° c. 

S. B. 

S-SIO 

15 

8-973 

16 

1-704 

16 

1-763 

18 

h:. p. 

9-400 

17 

— 

— 

1-796 

16 

1-754 

17 

H. F. 

7-868 

15 

S-240 

IS 

1-75S 

15 

1-745 

18 

D. J. 

8-596 

16 

S-058 

17 

1-719 

16 

1-678 

17 

E. F. 

8-775 

15 

— 

— 

1-765 

15 

— 


jSiOrmal 

— 

— 

8-S62 

17 

— 

— 

1-769 

18 


It will be observed from the results that the osmotic pressure per g. urine- 
albumin per 100 cc. is almost identical with the osmotic pressure of the corres- 
ponding serum-albumin, and similar results are obtained for the urine- and 
serum-globulins. The variation in the values for the osmotic pressures of the 
proteins from the different patients is very small. A mean value of 1-75 cm. water 
per g. protein per 100 cc. is obtained for the osmotic pressure of urine- and serum- 
globulins, while the corresponding value for the albumins is about 8*65 cm. 

Govaerts [1927] obtained values for the osmotic pressures of serum -globulin 
and albumin of 1*95 and 7*54 cm. water respectively. liis values were not 
obtained by direct measurement however but were calculated from a knowledge 
of the osmotic pressure, the protein-N coiitemt and the albuiiiin/globiilin ratio 
of the serum. Von Farkas [1927] obtained values of 2*51 and 6-80 cm. w^ater 
per g. globulin and albumin per 100 cc. respectivehx 

The results shown in Table IV for the osmotic pressure per g. globulin per 
100 cc, are a little lower than those obtained either by Govaerts or by " von Farkas, 
while the corresponding values for albumin are slightly higher than those found 
by these other workers. 

Govaerts [192/] states that the values obtained by him are merely empirical 
values, obtained as the result of observations, and must not be regarded as 
physico-chemical constants. Howe’s [1924] method, -which i?as employed by 
Govaerts for the determination of the albiimiii/globuhn ratio, cannot be con- 
sidered to be quantitatively accurate. A small error in the protein separation 
will make a considerable difference to the albumin/globiilin ratio and conse- 
quently to the calculated osmotic pressure for each protein. The method em- 
ployed in the present instance for the fractional precipitation of the urine- and 
serum-proteins and the use of solutions of the separated j^roteiiis for the osmotic 
pressure determinations eliminate all error due to an incomplete separation, 
and the osmotic pressure measurements are accurate to within 3 % . Govaerts 
considers Ms results to have an accuracy of 10 % . 
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The specific refractions of -urine- mid serum-proteins. 

The specific refractions of the urine- and serum-proteins were determined 
bv iiieaiis of a Zeiss portable interferometer. The instrument was first calibrated 
bv means of sodium light, but white light was used for all subsequent nieasiire- 
iiieiits. The proteins were ground up with 0*9 % sodium chloride solution, filtered 
through a pad of asbestos, and the clear solutions were used for the specific 
refraction determinations. Sodium chloride solution, of exactly the same strength 
as that used for dissolving the protein, was placed in the comparison chamber 
of the apparatus. After the interferometer readmgs had been taken, total N 
was determined on duplicate 1 cc. portions of the protein solution, and from the 
results the percentage of protein in the solution was calculated. 

The specific refraction of each solution was calculated and hence the specific 
refraction of a 1 % solution of protein in 0*9 % sodium chloride solution could 
be determined. 


Table V.' Specific refractions of urine- and serum-proteins. 
(Calculated for a 1 % solution.) 



Urine-albumin 

Serum-albumin 

Urine-globulin 

Serum-globulin 

S. B. 

0-001965 

— 

0-002053 

0-002132 

H. P. 

0-0019S2 

— 

0-001923 

0-002067 

H. F. 

0-002000 

0-001977 

0-001928 

0-001905 

D. J. 

0-001992 

0-002071 

0-002261 

0-002198 

E. F. 

0-001914 

— 

0-002155 

— 

Normal 

— 

0-001968 

— 

0-002053 


The results of these measurements are shown in Table V, and it will be 
observed that there are no striking differences between the specific refractions 
of the urine- and serum-albumins, or of the urine- and serum -globulins. The 
values for the albumins vary over a very small range, from 0-00191 to 0-00207. 
The variation in the values for the urine- and serum-globulins is somewhat 
greater, the figures ranging from 0-00191 to 0 - 00226 . The values obtained for 
the urine- and serum -protems of any one patient, however, are in close agreement. 

Adair and Robinson [1930] obtained a mean value of 0-00181 for the specific 
refraction increment of recrystalHsed horse serum-albumin, while their corre- 
sponding value for globulin was 0 - 00186 . Other workers [Starlinger and Hartl, 
1925; Schretter, 1926] have investigated human serum-proteins and have ob- 
tained a mean value of 0-00200 for the specific refraction of albumin and 
0-00219 for human serum-globulin. 

Thus, the results obtained from the present experiments agree fairly closely 
with those obtained by other workers. 

The variation in the specific refraction of the protems studied is sufficiently 
small to warrant the conclusion that there is no alteration in the physical 
structure of the serum-proteins in nephritis or in nephrosis so far as can be 
determined by measurements of their specific refractions. 

Discussion. 

The results of the investigations which have been made on the nitrogen 
distribution, racemisation, osmotic pressure and specific refraction of urine- 
aiid serum- proteins from nephritic patients indicate that the corresponding 
urine- and serum-proteins from any one patient are identical. 
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In ordinary iicf)'liritis and in prolonged proteinuria there appears to be no 
alteration in tiio stroetiire of the proteins. This fact seems to decide once and 
for all that thei'o is no defcK't in protein s 3 rnt}iesis in these cases. 

As jiidii’ecl Ijy pi n'sicai methods the protediis from patients suffering from 
iiepliritis and iieplirosis appear to be the same. Glieiiiicalty, howeyer, are 
distinct, though the differtmces noted are not very great. Since only one case 
of ]K‘phrosi.s was studied, no great emphasis can be laid on this slight difference 
in clH^inical striietiire. 

Since the physical characteristics of the proteins are the same in all cases 
stiKiii‘d, it apjr^ars iinlikolr^ that these slight chemical differences in the case of 
nojjhrosis are of any clinical importance. 

Summary. 

1. The albumins and globulins from the urine and serum of nephritic 
patients, and from normal human serum, have been separated by fractional 
precipitation with aiiinioniiiiii sulphate. 

2. The separated albumins and globulins -were analysed by a micro -modifi- 
cation of the Van Siyke nitrogen distribution method. Measurements of the 
optical rotation and racemisatioii, osmotic pressure and specific refraction of 
the proteins have also been made. 

3. The results of these aiiatyses indicate that the proteins isolated from 
the urine of patients suffering from nepliritis or nephrosis are identical with the 
corresponding serum-proteins and there is no evidence of an^r alteration in the 
chemical or physical structure of the proteins during their passage through 
the kidne}^ 

4. The proteins isolated from the urine and serum of patients suffering from 
nepliritis appear to be identical in chemical and in physical structure with those 
of normal human serum. 

5. The urine- and serum-proteins of a patient suffering from nephrosis 
exhibit certain slight differences in chemical structure from the normal serum- 
proteins. The racemisatioii curves, osmotic pressures and specific refractions 
of the urine- and serum -proteins of a patient suffering from nephrosis, however, 
appear to be identical with those of the proteins from normal human serum. 

The author wishes to thank Prof. E. C. Dodds for his advice and encourage- 
ment, the Council of the Middlesex Hospital Medical School for the hospitality 
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WALTER MORLEY FLETCHER. 


(1873-1933.) 

The deatli of Sir Walter Fletcherj Secretary of the Medical Research Council, 
on June 7th, in the sixtieth year of his age and the nineteenth of his tenure of 
an office he had made great, removed with tragic unexpectedness a public servant 
who by sheer merit had raised himself to be the trusted captain and apologist 
of a great host of workers striving in their many diherent ways and for the most 
part ill the seclusion of the laboratory for the advancement of scientific medicine. 

These now mourn the loss of a friend. Medical research, as the late Sir Walter 
never ceased to emphasise in m£hnj a weighty and admirably drafted pronounce- 
ment, calls to its service the labour corps of many ancillary sciences and from 
none perhaps does it expect more help in the solution of its increasingly com- 
plicated problems than from Biochemistry. 

To the members of the Biochemical Society, therefore, of which Fletcher was 
an original member, his loss is a particularly severe one, in that his appreciation 
of the part that Biocliemistr}?- has to play in the general advancement of medical 
science came from his own discipline and distinguished performance in physio- 
logical chemistry throughout a period of nearly twenty ^mars. 

Undoubtedly Fletcher wmuld have called himself a physiologist first and 
foremost, but, so far as concerned the particular problem to which his laboratory 
life was dedicated, he had the clearest vision of its further illumination when 
helped on its way by modern biophysics and modern biochemistry — a vision 
that has more than materialised. The many appreciations of the late Sir Walter 
which have alread}^ appeared and their varied sources are eloquent testimony to 
the numerous links he had forged between the laboratory worker and the outside 
world of affairs. His task may be said, indeed, to have been to explain the day’s 
work — the epya /cat lyilpaL — of the laborator}?' to a non-scientific and not always 
too appreciative public, a public, however, wffiich paid the piper and might 
even, if unwisely guided, call the time. Fletcher was the conductor in fact of a 
great orchestra of many and strange instruments, and it was his business to 
harmonise and co-ordinate the tunes of each to the greater glory of medical 
progress, 'instruments,” I venture to think, wnuld have pleased him. It was 
a favourite notion of his that disciplines should he divided not according to their 
matter but according to their methods and that the latter alone had in them 
the seeds of universal value. 

What then were Sir Walter’s antecedents and how was it that he, a devoted 
man of science yet not unfamiliar with affairs, resigned his place in the orchestra 
to become its conductor wdien the call came to him just before the outbreak of 
the great war? 

Fletcher began his academic career in 1891 when, he entered Trinity College 
Cambridge. Three years later he graduated with first class honours in the Haturai 
Science Tripos, and from that date for nearly twenty years the Cambridge School 
of Physiology was his workroom and Trinity College, of which he was elected 
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a Fellow in 1897 and to whose affairs lie was devoted, liis real home. His clinical 
training in medicine he took at Bart. ’s and in 1900 lie obtained liis Cambridge 
M.B. 

Throughout his whole Cambridge career Fletcher’s immediate scientific 
interests were centred almost exclusively in the problem of muscle respiration, 
an important field of enquiry in which, at the outset of his work, little or no 
certain knowledge was available. Between 1898 and 1914 he contributed to the 
Journal of Physiology a valuable series of papers on this subject, including two 
in collaboration, respectively, with Hopkins and G. M. Brown. These pape-rs 
definitely established Fletcher’s reputation as a physiologist of distinction. His 
first contribution in 1898 on the survival respiration of muscle was a substantial 
one of nearly a hundred closely reasoned pages, and fully documented, the 
elaborate apparatus of which he made use for continuous estimations of CO.> 
being a modification of that devised by F. F. Blackman for research on gaseous 
exchange in plant leaves. The work was carried out during his tenure of the 
Coutts-Trotter Studentship and was communicated to the 4th International 
Physiological Congress which met in Cambridge in August of that year. 

The normal curve of COg discharge from excised frog muscle was fully worked 
out and the effect thereon of various poisons and temperature changes. Of 
fundamental importance was his observation that in an excised muscle which 
has been made to contract, there was no accompanying increase in the rat© of 
CO 2 discharge. Throughout this work Fletcher took pains to exclude from con- 
sideration late yields of COg arising from putrefactive changes in the muscle. 

In his second and third papers in 1902 another important stag© was reached 
when, in investigating the infiuence of oxygen on the survival respiration of 
muscle, he showed that loss of irritability in a surviving muscle is greatly delayed 
by an abundant supply of oxygen. 

In 1904 he recorded the fact that exposure of a fatigued muscle to an atmo- 
sphere of oxygen restored to it, in a marked degree, the osmotic properties of 
resting muscle. 

In 1907, in collaboration with Hopkins, appeared a most important contri- 
bution to the biochemistry of muscle showing that contraction of excised muscle 
is regularly accompanied by an increase of lactic acid and that, if the fatigued 
muscle is placed in oxygen, the lactic acid akeady formed disappears. The paper 
contains also the technical details of a new colour reaction for lactic acid devised 
by Hopkins for this work. 

Later papers in 1911, 1913 and 1914 (the last in collaboration with G. M. 
Brown) continue the discussion of lactic acid production particularly in con- 
nection with its alleged formation during autolysis and its formation in mam- 
malian muscle. 

Fletcher’s work and that of his collaborator Hopkins laid the foundations 
on which was built the elaborate treatment on tliermodAuiamic lines of muscular 
action by Hill and Meyerhof, An analysis of its main conclusions will be found 
in the Croonian Lecture before the Royal Society by Fletcher and ITo|)kiiis in 
1915 (Proc. Roy. Soc. Lond. 1917, B 89, 444) whii© critical reviews by A. V. Hill 
of the relations existing between heat production in muscle and the underlying 
chemical processes will be found in the Ergeb. d. Phys. 1916, 15, 340 and in 
Phijs, Rev. 1922, 2, 310. 

Writing in 1923 {Nature, July 14th, SuppL), A. V. Hill ascribed nearly all 
the recent advances in muscle physiology to the study of the phenoiiieiia of 
fatigue in muscle. Recovery from fatigue occurred apparently only in the 
presence of oxygen, while the lactic acid, which was found by Fletcher and 
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Honkins to increase by exercise, was diminished or abolished by recovery in 
tl e nresence of oxygen. Further work on the problem demanded a new technique 
for correlating the heat produced with the observed chemical phenornena. This 
'as supplied 1>y the delicate thermoelectric apparatus devised by Hill, and by 
its aid it has been possible to build up what is a completely new chapter in 
musole physiology — the thermodynamics of muscular work. The mysterious 
lactic acid is now known, from estimation of the heat evolved in contraction 
to be derived from glycogen. In recovery the lactic acid is rebuilt into the 
dyco^en from which it was derived except for about one-sixth of it which is 
oxidised to provide energy for the restoration. The essential point is that con- 
traction and discharge of lactic acid are anaerobic processes and that oxidation 
is "concerned only with the phenomena of recuperation. 

It has been said that Fletcher’s soul was not fully and entirely satisfied by 
the strivings and triumphs of laboratory toil and that he sought a wider arena in 
which his intellectual versatility and his flair for managing might have full play. 
Possibly he felt that after 18 years’ devotion to one single problem of high plysio- 
looical importance, he could safely say that he had rounded it off quite satisfac- 
torily according to his lights and that he might now pass on the burden of its 
further pursuit to workers of other disciplines, biophysics, molecular physics, 
enzyme chemistry and what not. The eaU came to him on July 1st, 1914, to take 
up the duties of Secretary of the Medical Research Committee founded in 1913 
as part of the provisions "of the National Insurance Act of 1911. From the wide 
scope of the Committee’s reference, and its orvn views with regard to the 
extension of the term “Medical Research” as part of a national scheme, it was 
quite clear that, in the search for the ideal secretary, no ordinary person of 
narrow views and interests was likely to be successful in guiding its destiny. 
Fletcher proved himself no ordinary person. 

This is how the Committee outlined their conception of research. 

“The object of the research is the extension of new knowledge with the view 
of increasing our powers of preserving health and preventing or combating 
disease. But otherwise than that this is to be the guiding aim, the actual field 
of research is not limited and is to be wide enough to include, so far as may 
from time to time be found desirable, all researches bearing on health and 
disease whether or not such researches have any direct or immediate bearing 
on any particular disease or class of diseases provided that^tliey are judged to 
be useful in promoting the attainment of the above object.” 

How well Fletcher and his Committee of changing personnel succeeded in 
translating into administrative practice the wide conception of research con- 
tained in this carefully drafted statement and how deftly he defended, when 
necessity arose, the more subtle and perhaps not too readily appreciated impli- 
cations of its later phrases, are matters of history. , . . , . 

It is the history in fact of a highly fertile period of medical research in tins 
country and the empire, which owes much of its success to Fletcher s gifts of 
co-ordination and the personal and friendly terms on which he invariably met 
the numerous workers and grantees in the vast organisation of which he held 

tlie threads. , 

This is not the place to record in detail the landmarks of Fletcher's lb years 
secretaryship — the pooling of the forces he wielded, at the very ^outset oi his 
career, to meet the medical emergencies of war, the happily engineered eiiier- 

gence of the Medical Research Committee as the Medical Research Council with 
a new Charter and holding office with greater freedom and responsibility iin er 
the Privy Council, the centralisation at the National Institute, Hampstead, of 
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a permanent lindens of experts in many fields of medical enquiry, and, as tlie 
years passed, the iiiimerons opportunities seized by Fletcher to promote liis 
one great ambition, to see the health of man and beast cared for and studied 
not only as a national and imperial charge but as the natural and fitting obliga- 
tion of every right-thinking individual. One may fittingly refer here, lioweYer, 
to his many efforts in the cause of biochemical research and pa5r tribute to his 
menij successful interventions in securing financial help for what are now active 
centres of research not only in biochemistry but also in iiiitritioiial studies. 
These centres have greatly enriched the resources at the Empire’s disposal for 
attacking effectively the man^r problems that concern the health of its hiiiiiaii 
and animal populations. Nutrition studies and all that these imply were very 
dear to Fletcher. Possibly the last reasoned article from his facile pen was a 
contribution to the new journal, N attrition Abstracts and Reviews (1932), on 
the urgency of nutritional studies. There, in commending the new journal to 
its readers, he referred to the range and variety of interests served by advances 
ill nutritional science and to the fact that no visible limits can be set to them. 
A perusal of the table of contents of any number of this new journal is indeed 
sufficient to indicate the far-reaching character of nutrition problems and goes 
far to establish a real truth underlying the adage ^'Der Menscli ist was er isst.” 
Fletcher in his role of the complete advocate would have added ‘'and beast too.” 

By ills very position Fletcher could feel the pulse of medical progress at 
many points and generally with much acumen. So far as biochemical and 
nutritional science is concerned, its devotees oive him much for the sympathetic 
and always helpful interest he invariabty took in their special problems. 

Lastty, a glimpse of Fletcher in the midst of his dail}^ office routine, inter- 
viewing friends and strangers, arranging committees and often presiding over 
them, translating draft reports, resolutions and preambles into the excellent 
English on which he justly prided himself and through it all, striving to secure 
action and effective action. It has amazed me to watch him preside, it might be, 
over a conference on poliomyelitis and to see him display his ivonderful flair 
for ordered discussion and his real understanding of the subject in liaiid. His 
versatility was not that of the briefed barrister. Truly Fletcher’s scientific 
discipline stood him well. Eighteen annual reports of his Council will inform 
the medical historian of the future what Fletcher did and what he strove to do 
to further the work and influence of an organisation which has abiiiidaiitly 
justified its national character, but, without their aid, his memory wdll long 
remain green in the hearts of those who knew and loved and admired him. 

J. C. G. L. 




CLXXX. THE INFLUENCE OF THE GONADS 
ON PROTEIN METABOLISM. 

ITT (a) THE EFFECT OF INJECTIONS OF ANTERIOR 
PITUITARY EXTRACTS ON URINARY CREATI- 
NINE IN NORMAL AND CASTRATED RABBITS. 
(b) THE TOLERANCE OF NORMAL AND CAS- 
TRATED ANIMALS TO INJECTED CREATINE. 

By ISIDORE SCHRIRE and HARRY ZWARENSTEIN. 

From the Department of Physiology, University of Gape Town. 


{Eeceived June 16th, 1933.) 

Tttf evidence for the existence of an endocrine relationship between the testes 
and creatinine metabolism was presented in the first two papers of this series 
Tschrire and Zwarenstein, 1932, 1, 2]. This conclusion is supported by the 
observations of Vedel, Peuch and Lang [1926] who describe the case of a man 
of 56 who had been castrated and showed regression of the secondary sexual 
characters. His creatine and creatinine excretion was subsequently investigated. 
No creatine was excreted but the amount of creatinme m the urine was 2-8 g. 
ir litre According to Folin [1905] the concentration of creatinine m normal 
Lman urine varies from 0-61 to 2-0 g. per Utre with an average of 1-08. In 
the second paper cited above it was suggested that the increased ehmination of 
creatinine Ster castration was primarily due to hyperactivity 
lobe of the pituitary, consequently injectioi^ of anterior lobe extracts slioul 
cause an increase in the excretion of creatinine. In this paper evidence is pi - 
sented in support of the hypothesis. As a contribution to the more detaile 
analjls of fhe problem the effect of injections of creatine into normal and 
castrated animals was also investigated. 


Experimental. 

Details in regard to caging, feeding, collection and analysis of ^rine were 
cfiven in the first paper of this series. In Table I the dates refer to the fiist 
a number of 24-hour periods. The mean and the standard deviation of the dailj 



Table I. Daily urinary creatinine, mg. 


Date 

Normal Castrated 

(1) (2) 

Castrated 

(3) 

Normal 

(4) 

A. Pre-periods: 


89 ±3-2 

91 ±2-4 

79 ±1-0 


12. iv. 32 

7.V. 32 

17. vi. 32 

92 ±5-2 76 ±5-8 

93 ±5-5 93 ±3-5 

97 ±3-1 87 it*3 

86 ±4-1 


Nos. 2 and 3 castrated 21. vi. 32. 



B. Post -castration periods: 

12. xii. 32 96 ±74 

27.xii. 32 98 ±2*5 

16.i. 33 95 ±3-7 


No. of 
24:-hour 
periods 

9 

5 

4 



120 ±1-9 
116 ±94 
111 ± 2*6 


123±ll-6 
119 ±10*0 
122 ± 5-2 


84 ±8'3 
91 ±3-2 
98 ±7-0 


5 

4 

4 
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creatinine output in mg. are given for each series of 24-lioiir periods. In all Tables 
rabbits Nos. 1 and 4 are the normal animals and Nos. 2 and 3 the castrated 
animals. 

(a) Injeotiok of anterior lobe extracts. 

Parke-Davis antuitrin was used and also an extract of sheep anterior lobe 
prepared according to Bellerby’s method [1933]. As a control an extract of 
brain prepared by the same method was injected. These were all injected sub- 
cutarieously. 

Table II. Daily urinary creatinine, mg. 


Date 

Normal 

Castrated 

Castrated 

Normal 

(1) 

(2) 

(3) 

(4) 

16. i. 33 

92 

109 

120 

100 

17. i. 33 

96 

109 

114 

92 

18. i. 33 

92 

^=109 

126 

*^92 

19. i. 33 

101 

115 

127 

109 

20. i. 33 

105 

120 

134 

114 

21.1. 33 

100 

109 

120 

93 

22. i. 33 

101 

120 

126 

85 

23. i. 33 

100 

tl20 

1-126 

1-92 

112 

24. i. 33 

92 

120 

126 

25. i. 33 

86 

109 

114 

92 

26. i. 33 

100 

120 

120 

92 

27. i. 33 

100 

114 

133 

90 


On Jan. 18 No. 2 injected with 2 ce. brain extract, No. 4 with 2 cc. anterior lobe extract, 
t On Jan. 23 No. 2 injected with 2 cc. anterior lobe extract, No. 3 with 2 cc. brain extract 
and No. 4 with 2 cc. antuitrin. 


Table III. Daily urinary creatinine, mg. 


Date 

Normal 

Castrated 

Castrated 

Normal 

(1) 

(2) 

(3) 

(4) 

28. ii. 33 

101 

120 

114 

84 

l.iii. 33 

100 

120 

109 

86 

2. iii. 33 

100 

-'^lOO 

■-^130 

*90 

3. iii. 33 

104 

120 

123 

110 

4. iii. 33 

98 

110 

109 

80 

5. iii. 33 

96 

109 

121 

96 

6. iii, 33 

93 

-fll4 

126 

1-80 

7. iii. 33 

100 

109 

120 

i06 

8. iii. 33 

104 

120 

130 

109 

9. iii. 33 

92 

109 

120 

92 

10. iii. 33 

93 

109 

130 

88 


On March 2 Nos. 2, 3 and 4 each injected with 3 cc. antuitrin. 
t On March 6 Nos. 2 and 4 each injected with 3 cc. antuitrin. 


Table IV. Daily urinary creatinine, mg. 


Date 

Normal 

Castrated 

Castrated 

Normal 

(1) 

(2) 

(3) 

(4) 

10. ix. 33 

96 

120 

133 

100 

11. iv. 33 

96 

126 

140 

88 

12. iv. 33 

*92 

*120 

*136 

*96 

13.iv,33 

125 

134 

140 

96 

14. iv. 33 

100 

122 

125 

96 

15. iv. 33 

100 

133 

126 

96 

16. iv. 33 

tlOO 

tl26 

133 

1*98 

17. iv. 33 

133 

120 

133 

126 

18. iv. 33 

114 

122 

126 

105 

19.iv.33 

100 

120 

126 

88 

20. iv. 33 

100 

120 

135 

96 


* On April 12 Nos. 1 and 3 each injected with 3 cc. anterior lobe extract; Nos. 2 and 4 each 
injected with 3 cc. brain extract. 

t On April 16 Nos. 1, 2 and 4 each injected with 3*5 cc. anterior lobe extract. 


im 
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Tlip following conclusions can be drawn from the data presented above. 

Tniection of antuitrin or of anterior lobe extract into normal ammals 
, lipd an' increased excretion of creatinine. The figures suggest that the mcr^se 
xf n constant relation to the dosage. This is seen in the following table. The 
refer to the number of the omm.1. The „.r.^ weight o 
iSbbit No. 1 during the injection experiments detailed above was 2-74 kg. and 

of labbit Ao. 4, - ‘ ■ & Antuitrin _ Anterior lobe extract 

Amount injected 2^^"" 37c. 2^^ Tec 3-o ee. 

Percentage increases 2^4) 2b (4) .^4) 3 ) 33(1) 

Tn all cases the rise occurred on the day following injection, persisted in a few 
cases during the next day and in all cases rapidly returned to the normal level. 
(6) Injection of antuitrin or of anterior lobe extract had no efteet on the 

hi"li creatinine level in the castrated animals. i • 4.1, 

(c) Brain extract had no effect either m the normal or in the castrated 

animals. 

Discussio7i. 

Braier [19311 showed that there was a marked diminution in the creatinine 
excretion of hypophysectomised dogs. Relatively this effect comes on much 
sooner than the increased excretion of creatinine after castration, which in^cates 
that the effect of castration is due primarily to the pituitary. The castration 
effect is retarded because it depends upon the gradual hypertrophy of the an- 
terior lobe of the pituitary. The work of numerous investigators has established 
the fact that in many species castration leads to an increase in the weight 
of the anterior lobe [Moore and Price, 1932; Stein, 1933 who also give remews 
of the literature]. Reese and McQueen-Williams [1932], have shovm that the 
morphological changes in the anterior lohe of the male rat due to removal of 
the testes can he prevented by administration of extracts contammg the active 
nrincinle of the male gonads. The results of parabiotic experiments show that 
the h4ertronhy is not due to defective utUisation and storage of hormones but 
SrSSd ptoducaou and Brau.r [1929] fomd that antoor 

lobe hypertrophy after gonadectomy also occurs in rabbits although there seems 
to be some doubt whether females show any appreciable hypertrophy [Wolfe, 

^^^The depressing effect of the gonad secretions on the anterior lobe of the 
pituitary, onlv incompletely shown by the normal animal, is unmasked when 
Le gonlds are removed, and the effect of the removal of the inhibitory mflumice 
becomes more and more apparent as the anterior lobe gradually hypertiophies. 
This process is reflected in a gradual increase m the ehmmation of ereatinme in 

*^^^Th™e facts together with those reported above afford strong evidence of a 
direct endocrine relationship between the anterior lobe of the pituitary and 
creatinine metaboHsm. The persistent increase m creatimne excretion vlncli 
occurs as the result of castration implies the continued new 

and its transformation to creatimne. A steady level is reached aftei sever 
months. This may he partly explained by the 

anterior lobe reaches a maximum. Evans and Simpson [1929] noted in rats 
that the gonad-stimulating capacity of the pituitary slowly increased up to the 
8th post-operative week, after which there was httle mcrease, and Schenk [19-7] 
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found that the cell-type changes in rats occur prooressivelv nn+U o i i ^ 
reached some tune between the 4th and 7th post-operative month! 0^- '' 

of anterior lobe extracts into castrated animals^ no furth^rfn^^ 
excretion of creatinine was obtauied and tin's TTirUnoi +i 4. pci ease in the 
hypertrophy is not the soL 

steady level of creatinine output. Tt wnnW xA- , ^ “a'Ximmn 



content of the muscles of nor^^al and castr! ; 


-s-xxuJh^JXXUJN Uif CREATINE. 

this experiment weS tL sameT thtse n ^ in 

ported 1 the first pm7 X m e! 

brackets refer to the amounts of creatine excreted hi m! No “ 

excreted by the control animal or bv tto ^ ^ oi’eatme was 

the injection. ^ days preceding 


Table V. 


Daily urinary creatine and creatinine, mg. 


Date 

27. iii. S3 

28. iii. 33 

29. iii. 33 

30. iii. 33 

31. iii. 33 

1. iv. 33 

2. iv. 33 

3. iv. 33 

4. iv. 33 

5. iv. 33 

6. iv. 33 

7. iv. 33 


Normal 

( 1 ) 

100 

100 

98 

102 

109 (291) 
109 (21 
96 
100 
100 
105 
100 
105 


Castrated Castrated 

(2) (3) 

120 136 

120 132 

IW 120 

125 135 

126 (474) 141 (659) 

13o (65) 126 (74) 

120 (21) 126 

126 (24) 133 

120 (17) 133 

126 133 

120 135 

^ , 123 126 

On March 30 Nos. 1 , 2 and 3 each injected with 2 g 

Table VI 


( 10 ) 


( 26 ) 

( 12 ) 

(5) 

(17) 


Date 

2. V. S3 

3. V. 33 

4. V. 33 
o. V. 33 

6. V. 33 

7. V. 33 

8. V. 33 

9. V. 33 


creatine. 

Daily urinary creatine and creatinine, mg. 
Normal 
( 1 ) 

100 


100(1144) 
100 (71) 


92 

91 

92 
100 

90 


(31) 


Castrated 

(2) 

126 

127 (1739) 
(413) 


120 

120 

118 

130 

133 

120 


(40) 

(18) 

( 20 ) 


Castrated 

(3) 

133 

120 (1746) 
(310) 


Normal 

(4) 

92 

91 
96 

92 
92 
88 
92 
92 
96 
92 
92 
96 


126 

130 

135 

126 

130 

124 


(41) 

(23) 

(25) 


Normal 

(4) 

96 

100(1300) 
100 (108) 
(19) 


105 

93 

96 

100 

95 


( 6 ) 


The results of Tables V 

and YI 

are summarised below 




Creatine injected (g.) 

Normal 

9 

Cas- 

trated 

Cas- 

trated 

Normal 

Cas- 

trated 

Cas- 

trated 

Normal 

Total creatine excreted (mg.) 
Creatine retained (mg.) 
Percentage excreted 

322 

1678 

16-1 

601 

1399 

30-0 

2 

792 

1208 

40-0 

5 

1245 
3755 ' 
25-0 

5 

2230 

2770 

44‘6 

5 

2145 

2865 

42-9 

3-8 

1433 

2367 

37*7 
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It is evident that normal and castrated animals behave differently towards 
injected creatine. In aU cases the normal animal excreted less creatine and 
retained more than the castrated, i,e., the normal animals have a high and the 
castrated a low tolerance to exogenous creatine.' The castrated animal excreted 
a larger proportion of the injected creatine and also took longer to do so. The 
excretion of creatinine was not affected. 

These results are in essential agreement with those of Remen ,[1932]. He 
found that intravenous injection of 500 mg. creatine into normal adult men 
between the ages of 20 and 53 is followed by no greater excretion of creatine in 
urine than before injection. Men of 70~90 years, a eunuch 43 years old and 
one man of 68 castrated for carcinoma excreted most of the injected creatine. 
One case of hypophysial obesity, in which the normal excretion of creatine was 
liigli, reacted to injected creatine like normal adult men. The old men with 
failing sex function, the eunuch and the castrate thus showed a decreased 
tolerance typical of infants and children and, as shown above, of castrated 
rabbits. Remeii concluded that the male sex glands have a regulatory influence 
oil' the metabolism of creatine. Lasch [1932] arrived at the same conclusion on 
the basis of similar experimental results. The evidence ]3resented in the first 
part of this communication indicates that the difference between normal and 
castrated animals in regard to creatine- creatmine metabolism is due primarily 
to hyperactivity of the anterior lobe of the pituitary. 

SUMMABY. 

1. Injection of antuitrin or of anterior lobe extracts of the pituitary leads 
to an increased excretion of urinary creatinine in normal rabbits but has no 
effect on the high creatinine output of castrated animals. 

2. The evidence presented affords evidence of a direct endocrine relationship 
between the anterior lobe of the pituitary and creatinine metaboMsm, 

3. Normal rabbits show a high, and castrated animals a low, tolerance to 
subcutaneous injections of large amounts of creatine. 

The authors wish to thank Messrs Parke, Davis and Co., London, for a 
supply of antuitrin. 
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CLXXXL THE BIOLOGICAL RELATION BETWEEN 
CAROTENE AND VITAMIN A. 

By jack CECIL DRUMMOND and ROY JAMES Mac WALTER. 

Frmn the Department of Physiology and, Biochemistry, 

University College, London. 

{Received June 27th, 1933.) 

The experiments of Moore [1929], since amply confirmed by numerous worker.? 
cleaily established the appearance in the liver of vitamin A followino- the oral 
administration of carotene. It has been rather generally assumed%hat thl 
conversion occurs in that organ, but direct e^ddence of a satisfactory character 
has not yet been advanced. Wolff et al. [19301 removed a nortfnn 1 

E* ^ devoid of both carotene and the 

^ itamins. Folloiving an injection of carotene into the circulation the vitamin A 

tnVMn^- f residual hver tissue, determined by the increase in the antimony 
tiichloiide colour reaction, showed a considerable increase at the end of 3 dayf 

ni brought about the conversion in vitro was made bv 

0 cott and McCann [1931]. They incubated buffered suspensions of hver and of 
ai enzyme preparation, ''carotenase,” made from that tissue ith colloMa 
solutions of carotene dissolved in ethyl laurate. A loss of colour was oCwed 
and after 24 hours the unsapomfiable fraction extract prepared from the divests 
shoived on spectroscopic examination a discrete absorption band at 32801 
The changes were not observed when the “carotenase” had been inactfted ^ 

The disappearance of the colour of the carotene m such incubation evu^,.; 

tl932] point out, of no particular signifieance\ut 
nous attention must be given to what appears to be clear evidence of the 
foimation of a product wnth selective absorption at 3280 1. and to the statement 
^^^oSe cdufi when the liver extracts have been heated 

raiieuti ana Kalh [19o2]. They detected an increased response to the antimnuv 
do^ w bXeT^^^ colloidal solutions of carotene with minced 

heat inv odd; V “carotenase” is inactivated by 

threefold after in nnKaf -+1. ii <^ow-hver extracts was increased 

[V Euler wShUs ? v communication 

CarSdn tIi die \ ersuche von Klussmann mit kolloidalem 

SS.S. iSsr- “““ "■“> 

In this laboratory Ahmad [1931] and Rea and Drummond [19391 foiled to 
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Tlie failure of tlie latter tecliiiique was rather surprising and suggested that 
the tissues of a typical carnivore might not be well adapted for efficiently per- 
Ibrming the conversion; it must be remembered that evidence is acciiimilating 
to show that the carotene molecule may be degraded or modified in a variety 
of ways in the animal organism. 

In the work to be described the investigation has been extended to cover a 
typical example of the herbivores. In general the procedure has been similar to 

tiiat already described. 

Experimental. 

Preliminary experiments to determine the distribution of vitamin A through- 
out the liver were made, and it soon became apparent that rather large variations 
were to be expected. 

The liver samples were dried by intimate mixing with anhydrous sodium 
sulphate, and the fatty material was rapidlj^ extracted in a continuous ex- 
tractor by hot chloroform. The extracts were examined spectroscopicall}?' for 
pigments and for vitamin A. Eor this work a new form of photometer recently 
placed on the market by Adam Hilger Ltd., was used — the Notched Echelon 
Wedge Cell. This instrument possesses the advantage of enabling the estimations 
to be made with great rapidity ; a matter of great importance when dealing with 
such labile substances as carotene and vitamin A which are easily decomposed 
photochemically. 

The experiments on the distribution of vitamin A in the liver of rabbits 
were made on two different groups of animals. The first had been maintained for 
some 8 weeks on a diet of oats and bran in order to lower their tissue reserves of 
that substance. Those in the second group had received the usual stock laboratoiy 
rabbit diet containing ample supplies of green leaves. 

In Tables I and II the figures referring to vitamin A concentration are ex- 
pressed as the extinction coefficient (logjo referred to 1 cm. of 

solution) at 3280 A,, at such a concentration that 1 g. of liver is contained 
ill 1 CO. of the chloroform extract. 


Table I. 


ISi umber 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

Weight, kg. 

1-2 

1*8 

1-93 



1-4 

1-7 

— 

— 

Diet 

-A 

-A 

-A 

— 

— 

Normal 

— 


Left anterior lobe : 

Weight, g. 

21'9 

3*7 

7-6 

6-4 

43 

8-65 

21-55 

26-4 

25-0 

Wtamin concentration 

2 '65 

4'5 

3-55 

8-2 

■2-5 

6-9 

2-95 

17-1 

3-7 

Fat concentration 

— 

— 

— 

— 

0-0173 

0-0337 

0-0175 

0-0264 

0-0182 

Caudate lobe : 

Weight, g. 

3-1 

— 

10-9 

11-2 

30 

6-6 

17-3 

25-1 

27 

Vitamin concentration 

2-0 

— 

— 

12-2 

3-4 

6-8 

3-6 

12-20 

6-1 

Fat concentration 

— 

__ 

— 

— 

0-0104 

0-0279 

0-0200 

0-0344 

0-0157 

Left posterior lobe : 

Weight, g. 

12'8 

11-35 

9-7 

16-90 

56-5 

9-5 

23-60 

26-3 

23-0 

Vitamin concentration 

2-2 

4-75 

3-55 

7-1 

2-1 

7-6 

3-05 

11-8 

5-9 

Fat concentration 

— - 


— 

— 

0-0069 

0-025 

0-0137 

0-0351 

0-0201 

Eight lobe : 

Weight, g. 

9‘6 

10-35 

12-8 

22-6 

52-5 

9-9 

20-25 

28-8 

26-0 

Vitamin concentration 

— 

5-0 

3-0 

9-2 

3-8 

7-2 

3-65 

17-2 

6-6 

Fat concentration 

— 

— 



0-0137 

0-0265 

0-0172 

0-0324 

0-0164 

Maximum deviation 

1.6 

6 

10 

31 

29 

4-2 

12 

19 

33-7 

from mean % 


1344 


J. 0. DRUMMOND AND R. J. Mag WALTER 


The results show that the distribution of vitamin A in these rabbit livers is 
far from being uniform. The differences are greater in the normaUy fed animals 
than in those which had been deprived of vitamin A in their diet. In most cases 
they are definitely greater than the experimental error, which w^e estimate at 5 °/ 
Curiously, no sharp con-elation was found between the distribution of fattv 
material extracted by chloroform and the vitamin, as might reasonably have 

The injection experiments were made by the following procedure 4 portion 
of one lobe of the liver was removed aseptically under ether anaesthesia and a 
sterile co kida,I suspension of carotene in 5 % glucose solution was slowly 
injected directly into the portal vem. The carotene suspension was nrenared 
according to the directions of Fodor and Schoenfeld [1931]. After the iiijection 
the incision was closed and the animal kept for a suitable period before removino- 
the remainder of the hver for examination. These periods extended from 24 hours 
o U) days and in most cases care was taken to examine separately the residual 
portion of the lobe from which the original sample had been removed 
Some of the results are summarised in Table II. 


Eabbit iJiTo. 

Weight, kg. 

Duration of experiment, days 

Liver, excised portion: 
Weight, g. 

Vitamin content 

Basal portion of same lobe: 
Weight, g. 

Vitamin content 

Residual portion : 

Weight, g. 

Vitamin content 

% Increase on mean 
Carotene : 

•Injected, mg. 

Recovered, mg. 


Table 

II. 



I 

II 

III 

IV 

L8 

1-57 

1-05 

2-5 

1 

0 

5 

8 

3-30 

4*9 

2-5 

3-7 

12*0 

4*8 

11-0 

2-02 

— 

— 

44 

7-64 



1-7 

15*0 

45-0 

65-0 

49-8 

40-30 

4-4 

9*3 

2-0 

14-0 

-8 

■154 

-84 

+ 20*8 

0-69 

0-70 

04 

CO 

o o 

1-2 

0-35 

0-52 

0-9 


V 

1-97 

20 


2-6 

3-2 


9*10 

8*7 


54-3 

6-0 


+ 130 


M2 

0*80 


These results provide no evidence of a definite increase in vitamin 4 in the 
liver untd 8 days have elapsed after the injection of the carotene Ob,smvation 
showed that the injected pigment is rapidly taken up bv the liver after intro 
duction mto the circulation. This was also noted by van den Bergh et al ri9‘>01 

L'a held by the”t+ ^ 

Our experiments show that some part of the carotene is broken down or 
^sappears from the hver, although the loss is not nearly so large as was observed 
in onr earlier experiments with cats. We caimot exdude the norsibihtv tS 

that the°dedeT5““ occurred in aU our experiments, for it is conceivable 
that the depleted organism might immediately utihse the material for resumntion 

amfunitS ^ -asurable 

reqXmS of C tod, w Z ’ Vf after the 

q cnts of the body had been satisfied and storage had become possible. 
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Tlie resumption of growth shown by the rabbits kept for the longer periods 
after operation, .411 wMcii storage of new vitamin A was detected, rather suggests 
■'that this -may be true (Fig. 1). 



Fig. 1. 


This work has been supplemented by a new series of experiments made to 
try and reproduce the conditions under which Olcott and McCann observed 
conversion of carotene into vitamin A in vitro. In every case the results were 
negative. x4nother method of attack was therefore devised, which it w^as thought 
would lead to success. The liver of a rabbit which had received an injection of 
cohoidal carotene into the portal vein was removed after an interval sufficient 
to ensure that the pigment had been taken up in a normal manner from the 
circulation by the hepatic ceUs. Sterile preparations of the minced tissue 
suspended in phosphate buffer at 7-3 were incubated at 37° for different 
periods. Afterwards the materials were extracted by chloroform and the extracts 
examined spectroscopically. Table III gives the results of four such experiments, 
but before stating the conclusion to which they lead us it is necessary to explain 


Table III. 


Number 

Weight of 
liver, g. 

Duration 

hours 

Absorption 
at 3280 1. 

Absorption 
at 4800 A. 

Correction 

Corrected 
absorption 
at 3280 A. 

I 

2-21 

0 

5*5 

. — 

— 

— 


442 

0 

4*3 

— 

— . 

— 


2-17 

48 

5*75 

— 

— 

— 


2*32 

48 

5*75 

__ 

— 

— 

II 

3*68 

0 

4*0 

2*7 

0*65 

3*35 


3*77 

24 

3*95 

2*7 

0*9 

3*05 


4*43 

65 

2*9 

1-9 

1-5 

1*4 

III 

4*28 

0 

5*1 

5-0 

0*83 

4*27 


0*72 

0 

5*1 

5-0 

0-83 

4-27 ^ 


0*59 

48 

5*1 

5-0 

3-6 

1-5 ' 


4*16 

120 

5*1 

2-0 

2-0 

3-1 


1*18 

168 

6*2 

2-9 

4 

2*2 

IV 

4*80 

0 

17*7 

1-8 

0-3 

174 


5*18 

48 

8*2 

0-645 

0-43 

7-77 


7*14 

120 

7-0 

0-645 

0-645 

6-38 


6*62 

168 

18*6 

0-883 

1-26 

17-34 


6-53 

168 

18*6 

0-645 

0-92 

17-68 




n 






H 


t 




m 
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the correction which it has been found necessary to apply in estimating +i 
absorption in the region 3280 1. We have cokrined the orseiwSn^ ? 
cMcholas [1931], who found that solutions of carotene in ether and alcohol 

Thfh-WK oxidative breakdown in tiro sLes 

The imtial changes are characterised by the appearance of an absorption 

ThfrateTT ““responding decrease in the bandit 2730 A^ 

e later stage is marked by a decrease in the colour of the solution and a 
widening of the ultra-violet bands which finaUy lose their entities 
inin soMtion of carotene, such as we employed for our intravenous 

p/a 9^"*’ ““"bated at 37° in contact with air shows such changes In 

ami tViVlf 39So f f tbe intensity of absorption at 4800 I 

i tliat at 3^80 A. as it changes during a period of 7 days* by 14 davs thf^ 

colour of the carotene had completely disappLred. ‘ ^ 



Pig. 2. 


presentrS k 72 f^lT’ ^pply a correction based on such a curve as that 
^ ^ boi all estimations of absorption at 3280 A made on nre 

parations of carotene incnbated in the presence of air. Whm sLt rections ar^ 
apphed onr resul s indicate that the incubated liver containinrabsored carotene 

uncwXu /he r ^ r considerable proportion of the carotene may remain 
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Summary. 

After injecting carotene into the portal circulation of rabbits no increase in 
the vitamin A in the liver was observed, using a spectrophotometer method, 
until 8 days after the experiment. There is of course the possibility that formation 
of vitamin occurs within much shorter periods, but either that it is utilised and 
converted into another substance or that the amounts are too small to be 
detected by our technique. Further attempts to obtain conversion of carotene 
into vitamin A in vitro by incubation of liver tissues have met with no success. 

Ill some of these experiments the conditions were made more “ physiologicaT ’ 
by permitting the liver cells to take up the pigments from the circulating blood 
before the minced preparation was incubated. 
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CLXXXII. AN INVESTIGATION OF THE CAUSE 
OF RENAL HYPERTROPHY IN RATS FED 
ON A HIGH PROTEIN DIET. 

By harry ELLIS CHARTER WILSON. 

From the Institute of Physiology, The University, Glasgow. 

{Received July 3rd, 1933.) 

The problem of the enlargement of the kidneys of rats fed on diets rich in 

receiving considerable attention notably bv 
Addis and the Mackays [1926, 1, 2] who have shovm that the hypertrophy is 
proportional to the protein consumption and have elaborated a formula Sch 
expresses this relationship in terms of protein consumed and kidney y^eight per 
unit of surface area. The cause of this enlargement, however, stillremains obscure 
The excretion of urea naturally suggests itself as a causal factor. The feedincr of 
urea, however, m amounts equivalent to what would be excreted on a high protein 

? 926 ® M? r™ M f kidneys [Osborne 

etal., 1926, Mackay Mackay and Addis, 1931], The effect of feeding proteins of 

however scarcely been investigated. Osborne et al. [19261 
residues all produced an enlargement 
no actual numerical data on the basis worked out by the 
I ckays and Addis [1927; 1928] were elaborated. The object of the followino' 
experiments was an attempt to find out the cause of this hypertrophy " 

themselves. Do the kidneys in the rat form a 
depot for reserve protem, or is the hypertrophy a response to an increase in 
p ysiological function? It is possible in this connection that the kidneys are 
sreciated in some way with the intermediary metabolism of protein ‘ quite 
apart from the mere ex'cretion of nitrogenous end-products ^ 


Experimektax. 

A series of experiments was carried out to compare the followincr proteins 
and protein derivatives, and in addition the effect of an acid and alkahne diet- 

and NSlcb^''Thf^^*™’-'^^®^^ glutamic acid, urea, NaH,PO, 

and NaHCOs. The experimental procedure adopted in these experiments “was 

^i's S^dL^old auT'bt employed by the Alackays [1927]. Standard albino 
Q« ^ obtained from the same source as far as each particular 

in cac^ ® concerned were employed throughout. They were kept 

kept £ar? Tht r?® ® *0 a cage. The sexes were 

kept apart. The room m which they were kept was well lit and open to the south 

and was maintamed fairly constant in temperature day and night. Water and 

rats were and the food consumption was measured each day. The 

varied from 3oVo 89^rl duration of the experiments 

varied from 30 to 39 days m the different series. At the end of the expLmental 
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period tlie rats were killed by cliloroform and weighed. The abdomen was then 
opened, the kidneys removed, decapsiilated, split in half, dried on filter-paper 
and weigiied in a glass -stoppered bottle. The two Iddiieys were weighed together 
and the average taken as the weight of one. The surface area was calculated by 
Meeli's forimila S = BW X K. The constant K~ 11-36 was that employed b}^ 
the Macka 3 ?'s [1927] and found to be applicable to the rat by Carman and Mitchell 
[ 1926 ], From the experimental data the following calculations have been made 
for each series. The average increase in body weight per rat daily; the average 
kidney weight per 100 Gm.‘‘^ body surface. The average daily protein consumption 
per 100 the average increase in bod}^ weight per g. of protein consumed. 

The first series of experiments was carried out ^nth liver, gelatin and cas- 
eiiiogeii. The object of testing liver was partly because it offers a protein differing 
considerably from caseinogeii and partly because it is rich in extractives and 
iiiicleoproteiiis. Gelatin was chosen as a test protein because it has a low bio- 
logical value a^iid hence might be considered inadequate to build up any reserve 
tissue in the kidney. A further point of note is that gelatin is poor in tryptophan, 
cystine and t^nosiiie and according to certain workers [Newburgh and Marsh, 
1925] these amino -acids are a contributing cause of the renal degeneration found 
in rats fed over a long period on a high protein diet. The diets employed are 
given in Table I and the results in Table II. 

Table I. Diets employed^ 


(Figures represent parts per 100.) 



Dried 

Gasei- 

Gela- 

Glu- 

Gly- 

Glii- 

tariiie 

Dex- 



Salt 

mix- 

Cod- 

liver 

Dried 


Total 

protein 

Total 

ei’ies 

liver 

iiogen 

tin 

ten 

cine 

acid 

trin 

Lard 

Urea 

ture 

oil 

yeast Agar NallGOa NaFLPO.i 

% 

Cals. 

A 

80 

— 

— 

— 

— . 

— 

— 

— 

— 

3 

6 

9 

2 

50-5 

434 

B 

— 

16 

37 

— 

— 

— 

15 

8 

— 

3 

10 

9 

2 

50' 6 

, 436 

C 

— 

57 

— 

— 

— 

— 

9 

10 

— 

3 

10 

9 

2 — — 

50-C) 

436 

13 

— 

20 

32 

— 

— 

— 

13 

5 

— 

3 

10 

9 

2 — 6 

48*8 

396 

E 

— 

20 

32 

— 

— 

— 

13 

5 

— 

3 

10 

9 

2 6 -~ 

48-S 

396 

F 

— 

57 

— 

— 

— 

— 

8 

5 

— . 

3 

10 

9 

2 - 0 

48*8 

402 

G 

— 

20 

— 

— 

— 

— 

51 

5 

— 

3 

10 

9 

2 

20-25 

428 

H 

— 

20 

32 


— 

— 

17 

7 

■ — 

3 

10 

9 

2 

48-9 

431 

1 

— 

57 

— 

— 

— 

— 

10 

10 

___ 

3 

10 

9 

9 

48-9 

429 

J 

— 

20 

— 

_ 

— 

— 

51 

5 

— 

3 

10 

9 

2 — — 

20-6 

428 

K 

— 

57 

— 

— 

— 

— 

9 

10 

— 

3 

10 

9 

2 — — 

48-5 

429 

L 

— 

20 

— 

— 

— 

— 

34-2 

12 

9-8 

3 

10 

9 

2 — 

48-8^^ 

426 

31 

— 

20 

32 

— 

— 

— 

17 

7 

— 

3 

10 

9 

2 

48-5 

431 

N 

— 

20 

— 

— 

— 

— 

56 

— 

— 

3 

10 

9 

2 

20-2 

402 

0 

' — 

20 

— 

20 

— 

— 

30 

— 

— 

3 

10 

9 

2 — -™ 

42-7 

402 

P 

— 

20 

— 

— 

10 

— 

42 

4 

— 

3 

10 

9 

2 

31-4 

403 

Q 


20 




25 

27 4 — 3 10 

Urea-N calculated as protein. 

9 

2 

34-1 

402 


It will be noted that there is no difference hi the kidney weights of groups A 
and C, i.e. those fed with liver and caseinogeii respectively. The rats on the 
gelatin diet (B) showed hoivever a considerable hypertrophy hi comparison vdth 
groups A and C in spite of the fact that they actually consumed less protein. In 
order to ascertain if the differences between the groups are significant the 
standard deviation a was calculated for each group and the probable error of the 

difference of the means calculated by the formula 0*6745 where and 

712 ^'1’® number of observations in each group and o-j and 0-2 the corresponding 
standard deviations. Where the ratio of the difference of the means to the 
probable error of the difference of the means is 3 or more the result is considered 
significant. The following are the data for series I. 
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A 


Males 

Females 


or 

0-03507 

0*01552 


B 


a 

0*00319 

0*0900 


Males 
Females 

A a,nd B males: Difference of means 

Probable error of difference of 


Males 

Females 


0*02097 

0*02097 


A and B females: Difference of means 

Probable error of difference of 

B and C males: Difference of means 

Probable error of difl’erence of 

B and C females: Difference of means 

Probable error of difference of 


means 

Ratio 

means 

Ratio' 

means 

Ratio 

means 

Ratio 


0*066 
0*0113 
5*84 : 1 

0*103 
0*025 
4*12 : 1 

0*084 
0*0082 
10*24 : 1 

0*099 
0*025 
3*96 : 1 


It be seen that the difference is significant when the group fed wif!i 
gelatin is compared with either of the groups fed with caseinogeu or liver. Tt 
possible that the mcrease in kidney weight of group B (gelatin) is due to the 

Table II. 


Series 1 
31 days exp. 


Series 2 


Series 3 
39 days exp. 


Series 4 


Series 5 
32 days exp. "j 



Av. increase 
in body 
weight per 
rat per 
day, g. 

At. kidne^y 
weight per 
100 cm.“ 
g- 

Av. protein 
consumption 
per day per 
100 cm. 2 
g- 

Av. increase 
in body 
weight per 
rat per g. 
protein 
consumed 

/A 7 

3*07 

0*285 

1*64 

iT^ « K ^ 

L 

2*10 

0*239 

1*57 

U'D i 

0*52 

jB 9tJ 

1 6 $ 

2*13 

1*76 

0*351 

0*342 

1*33 

1*58 

0*59 

0*46 

C 5<J 

V 12$ 

3*70 

2*03 

0*267 

0*243 • 

1*38 

1*39 

0*75 

0*51 

,D 6cJ 

1*12 

0*403 

1*50 

0*32 

! 6? 

0*96 

0*363 

1*33 

0*30 

/ E 6 ^ 

' 6? 

2*0 

1*09 

0*395 

0*338 

1*43 

1*27 

0*46 

0*33 

F 6^ 

3*05 

0*324 

1*41 

0*62 

^ 6 $ 

2*02 

0*348 

1*33 

0*53 

,G 5 cJ 

2*96 

0*265 

0*65 

1*14 

6$ 

1*67 

0*227 

0*67 

0*81 

J H 6 

1*95 

0*362 

1*39 

0*47 

6 $ 

1*34 

0*340 

1*39 

0*38 

I 6^ 

' 6$ 

2*90 

1*60 

0*265 

0*237 

1*28 

1*38 

0-63 

0*40 

/J 6(J 

2*01 

0*218 

0*67 

1*07 

6$ 

1*39 

0*196 

0*70 

0*80 

K 6(J 

, 69 

1*73 

1*62 

0*221 

0*246 

M4 

1*52 

0*59 

0*45 

1 L 6 (J 

1 69 

1*89 

1*55 

0*236 

0*217 

1*44 

1*44 

0*52 

0*43 

M 6(J 

1*63 

0*369 

1*49 

0*47 

'■ 6$ 

1*20 

0*336 

1*69 

0*32 

N 5(J 

1*91 

0*212 

0*65 

1*26 

5$ 

1*57 

0*199 

0*64 

1*16 

0 5<J 

1*79 

0*304 

1*31 

0*59 

59 

1*31 

0*270 

1*31 

0*47 

3? 3<J 

0*65 

0*278 

MO 

0*59 

Q 4$ 

M7 

0*244 

1*12 

0*52 
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fact that although this group consumed less protein than groups A and C they 
actually catabolised more nitrogen. This assumption might be expected a ‘priori 
since gelatin is almost incapable of promoting growth. This explanation "would 
assume howe'V'er that the hypertrophy is obser"ved only when the protein is 
actually catabohsed. In point of fact, as is seen from Table II, the increase 
in body weight per g. of protein consumed is approximately the same in 
groups A and B. It camrot howe'V'er be inferred that the material added to the 
body in each group had the same nitrogen content. 

in series 2 an attempt was made to repeat the work of Addis, Mackay and 
Mackay [1926, 1, 2] on the influence of adding acid or alkali to the diet. Nash 
and Benedict [1921] ha've sho"wn that the kidney, m the dog at least, is the main 
if not the only organ concerned in the formation of ammonia and it was thought 
possible that the kidney hypertrophy might be secondary to an increased 
activity of this function following a high protein diet. The saits employed m the 
experiments were sodium dihydrogen phosphate and sodium bicarbonate. In 
experiments D and E (Table I, series 2) the diets -n^ere identical except that D 
was acid and E allialine. The additional protein in D and E was gelatin. Mackay, 
Mackay and Addis [1926] have shovm that phosphates themselves cause a 
considerable increase in kidney weight, and hence in groups D and E it would be 
possible to see if the hypertrophy of the kidneys in group D -with gelatin and 
acid phosphate would be greater than in group E "with gelatin and allsali. In 
short would there be a summation of those two factors in bringing about a 
hypertrophy? The experimental data are given in Table II, series 2. 

It wdll be noted that there is scarcely any difference between groups D and E 
fed with gelatin and acid and alkali respectively. The difference in the kidney 
weights for the males is only 0-008 g. and for the females 0-025 g. per 100 cm?^ 
body surface. Such differences are not significant. It thus appears that there is 
no summation of the effects of gelatin and phosphates when fed together m a 
diet. In group E fed with caseinogen plus acid phosphate the effect of the salt 
is quite marked. This is seen most clearly when groups C and F of series 1 and 2 
are compared. The following are the statistical data. 


iiit 


jy a E a F 

Males 0*03014 Males 0*0250 Males 0-( 
Females 0*07200 Females 0*0375 Females 0*( 

Series 2, 1) and F males : Bifference of means 

Probable error of difference of means 
Batio 

Series 2, E and .F males : Bifference of means 

Probable error of difference of means 
Ratio 

Series 1 and 2, 0 and F males : Bifference of means 

Probable error of difference of means 
Ratio 

Series 1 and 2, C and F females : Bifference of means 

Probable error of difference of means 
Ratio 


Series 2, E and .F males: 


0*057 
0*01371 
4*15 : 1 

0*105 
0*0214 
4*90 • 1 


Taking series 2 alone to begin with it ^vill be noted that the difference between 
group p (gelatin and acid phosphate) and group F (caseinogen and acid phos- 
phate) is significant in respect of the males. The kidney weights of the females 
of those two groups are however approximately the same. This contrast in the 
effect of caseinogen in series 2 as compared with series 1 must be attributed to 
the phosphates as the statistical data show when groups C and F of series 1 and 2 


f Ip 


* ! 
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are compared above. The diSerence is significant for both sexes. The evidence 
from these experiments does not appear to favour the hypothesis that acidity 
or alkalinity of the diet, and hence ammonia formation by the kidney is a 
factor m the renal hj^pertrophy. In series 3 an attempt was made to test the 
relative effect of superimposing oaseinogen on the one hand and gelatin on the 
other on a diet low m easeinogen. The diets employed and the experimental 
are fvenm Tables I and II, series 3 (G, H, I). Contrary to the'^finding; 
Mackays_[192/] there is no mcrease in the kidney weight when the protein of 
the diet IS increased by the addition of extra easeinogen (groups G and I). In 
group H however where the increase in the protein of the diet is in the form of 

g-elatm a hypertrophy of the kidneys is to be noted. The following are the 

statistical data. ■ ^ ' 


(x cr 

Males 0-03301 

l^cmales 0-03684 

H a ■ I ' 

Males 0-02696 Males 

Females 0-03390 Females 

cr 

0-02720 

0-02260 

Series 3, Cl and H males : 

Bifi'erence of means 

Probable error of difference of means 
Ratio 

0-097 
0-0124 
7-82 : 1 

Cl and .H females ; 

: Difference of means 

Probable error of dift’ereiice of means 
Ratio 

0-113 
0-0137 
S-2o : 1 

H and I males: 

Difference of means 

Probable error of difference of meaiis 
Ratio 

0-097 
0-0101 
9-63 : 1 

H and I females : 

Difference of means 

Probable error of difference of means 
Ratio 

0-103 
0-112 
9-19 : 1 

G and I males : 

Diff’erence of means 

Mi 

Cl and I females : 

Difference of means 

0-010 


“crease in weight between groups G and H and H and I is very marked 
and meiits special attention when comparing groups H and I which had practically 
the .same percentage of protein in the diet and consumed almost the same 
quantity of protein per 100 cm.^ body surface. Giving to the fact that additional 
cause a hypertrophy in the above series it was decided to 
l opeat the experiments and in addition to compare the effect of urea and c^elatin 
1 espectively vuth each other and with casemogen. The diets employed and the 
cxpeiimental data are given in Tables I and II, series 4. Below are recorded the 
statistical results (J, K, L, and M). mo 

on 1“ general confirm those of series 3. The increase in kidney weight 

female bu^ nof w!f h'S 7 co“Pared with the low (J) is .significant vith the 
female but not with the male group. The increase in kidney weight with the 

^loup fed with urea (L) as compared with the low protein (easeinogen) group (J) 

“• ““■ok brtw°J groupj J 

and M where the extra mtrogen is consumed in the form of gelatin. The difference 

the ramramount^ the case of groups L and M which consumed approximately 

^ group M as gelatin. 

Assuming that the gelatin was all catabolised and excreted as urea this experi- 

thriSnel'^hT^T f ® excretion of urea is not the causal factor in 

can be^ Sd?'of experiments in series 3 and 4 an estimate 

be made of the mcrease m kidney weight per 100 cm.^ body surface per 
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J o K CT L cr M O- 

]\rales . 0‘0122 Males 0-0232 Males 0-0104 Males 0-0264 
Fcmales^ 0-01S7 Feinaies 0-0176 Females O-OloO Females 0-0264 

Series 4, J and M males : Difference of means O-lol 

Probable error of difference of means 0-008 

Ratio 18-8 ; 1 

J and M females: Difference of means 0-140 

Probable error of difference of means 0-008 

Ratio 17-5 : 1 

J and K males: Difference of means 0-003 

Probable error of diflbrence of means 0-0072 

Ratio 0-041 : 1 

J and K females: Difference of means 0-050 

Probable error of difference of means 0-0067 

Ratio 7-64 : 1 

J and L males; Difference of means 0-018 

Probable error of difference of means 0-0044 

Ratio 4-09 : 1 

J and L females : Difference of means 0-021 

Probable error of difference of means 0-0062 
Ratio 3-38 : i 

L and M males; Difference of means 0-133 

Probable error of difference of means 0-0078 
Ratio 17-02 : I 

L and M females ; Difference of means 0-119 

Probable error of difference of means 0-009 

Ratio 13-22 : 1 

additional g. of protein consumed. In series 3 this has been calculated where the 
increase in protein consumed was derived from gelatin. The foiloving are the 
values found. 

Series 3, males 0-131 g. increase in kidney weight per 100 cm.‘^ per extra g. 
protein consumed per 100 cm.- 

females 0-156 g. increase in kidney weight per 100 cm.^ per extra g. 
protein consumed per 100 cm.^ 

Series 4, males 0-184 g. increase in kidney weight per 100 cm.^ per extra g. 
protein consumed per 100 cm.^ 

females 0-141 g. increase in kidney weight per 100 cm.^ per extra g. 
protein consumed per 100 cm.^ 

These figures agree fairly closely with those obtained by the Mackays [1927] 
where the additional dietary protein "was in the form of caseiiiogen. 

Ill series 5 a cereal protein was tested and an attempt was made to find out 
which particular amino-acid or acids, if any, were responsible for the hypertrophy^ 
observed when feeding the whole protein. Wheat gluten, glycine and glutamic 
acid were selected as examples of cereal protein and amino-acids, gtycine being 
chosen because gelatin contains a high percentage of this particular amino- acid 
and glutamic acid because of its high concentration in gluten. In the experiment 
vdth glycine 4 male rats were put on a diet containing 20 % of this substance ; 
they tended to lose weight however and fiinally one died. The percentage of 
glycine was then reduced to 10 % . The animals in group Q however consumed a 
diet containing 26 % of glutamic acid quite readily. The diets and experimental 
data are given in Tables I and II (N, 0, P and Q). It will be noted that both 
gluten and the amino -acids caused a hypertrophy of the kidneys. The following 
are the statistical data. 
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Males 

Females 


0-0275 ■ 
0-0250 


0 

Males 

Females 


0-0356 

0-0317 


P 

Males 


0-328 


Series 5, K and O males : Difference of means 

Probable error of difference of means 

Ratio 

M and 0 females: Difference of means 

Probable error of difference of means 

Ratio 

M and P males: Difference of means 

Probable error of difference of means 

Ratio 

N and Q females : Difference of means 

Probable error of difference of means 

Ratio 


Q 

Females 


0-0091 


0-094 
0-0135 
6-96 : 1 

0-070 
0-0122 
5-37 : 1 

0-066 
0-0152 
4-34 : 1 

0-45 
0-0091 
4-51 : 1 


. increase in 


g° w.igM ^ 

2 pSS iZS’^lTAVf ■» p- 

” I SSn?Si"S|KS * — <» M».y -IgM 100 o„.. 

P. ~ PlOmy ™igh. p., 100 .. . 

“ Si'll “S *■ 

**"“ ’"‘•’oeo animols of like ses it wiH be seen thef 
S?" ‘o *• additionel protein ' i e N 

results indicate that it i« ? ?? x ^ ^ the groups. These 

concerned in tlie liypertrooliv^^ ft amino-acid is tlie factor 

differences are smalW than t? " ho-wever that these 

figures grviJrthetSelsrd^^^^^^^^^^ ^ the 

imposed are males 0-131 g. and femaks1)-14T!? 

additional g. of protein eonsiiTTipd Th^ T- surface area per 

0-184 g. and females 0-141 g The averages^of gures of series 4 are males 

e,. j-ne averages ol the two series — males 0-157; 
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females 0*148 g. — however, are approximately the same as those obtained by the 
Maekays [1927] where caseinogen at different levels was the protein fed. It 
will be recalled that in our experiments additional caseinogen caused a relatively 
small hypertrophy of the kidneys and in some cases none at all. 

At this stage of the investigation however it cannot be said what is the cause 
of the li 3 ’pertrophy. That it is a real increase in tissue substance and not a 
hydraemia has been shown in a recent paper by Mackay [1933], who found that 
tiie moisture content for all kidneys fell betw^^een 74 and 76 % . In confirmation 
of his findings the average water contents of the kidneys in series 5 exhibit the 
same consistency as shown below. 

H,0 % 

Group N, males 75*1 

females 73*7 

Group 0, males 76*5 

females 76*4 

Group P, males 76-0 

Gh’oup Q„ females 74*9 

From the general trend of evidence however in the recent paper by Mackay 
[1933], wiiich has just come to our notice, and from the results given in this 
paper, it appears that the cause of the hypertrophy^ is associated with some 
change common to ail the amino-acids. Ammonia formation and deamination 
naturally suggest themselves. The first possibility appears unlikely in view of the 
experiments recorded here and hj Addis and the Maekays [1926, 1, 2]. The 
question as to whether the kidney is capable of deaminating merits special 
attention in view of the work of Bollmann, Mann and Magatli [1926], who have 
shown that, as far as the dog is concerned, the liver is the main if not the only 
organ capable of deaminating. Recent work by Holmes and Watchorn [1927] 
shows that the growing embryonic rat kidney produces ammonia and urea 
in vitro. Krebs [1932] has further shown that rat kidney in vitro is more active 
than rat liver in deamination and ammonia formation. Such results suggest 
strongly that, at least in the rat, the kidney may be concerned in deamination. 
In support of this hypothesis is the fact that the hyT-pertrophy tends to be larger 
or more readity produced by the addition of gelatin than of caseinogen to the 
diet. It can be more or less assumed that ingested gelatin will be almost entirely^ 
catabolised while some of the caseinogen may readily be used for anabolic 
purposes. Experiments on the actual nitrogen excretion on the two diets would 
give information on this point. The application of these results to the treatment 
of renal disease can hardly be ventured as y^et. Some of the kidneys of each 
group of series 3 vrere examined histologically^ and no abnormality^ was found as 
had already^ been noted by Osborne et al. [1926]. Newburgh and Curtis, however 
[1928], find definite signs of degeneration in the kidneys of rats fed over long 
periods on diets containing a high percentage of protein. 

Summary. 

1 . The increase in kidneyr weight of rats fed with a number of proteins and 
protein derivatives has been investigated. * 

2. Gelatin tends to produce a more marked increase in kidney weight than 
either caseinogen or liver. 

3. Glycine, glutamic acid and gluten all produce an increase which is more 
or less proportional to the additional nitrogen consumed. 
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4. It. is considered likely that the hj^ertrophy is associated with some stao-e 
m the intermediary metabohsm of protein—probably deamination bv tW 

kidney, " 

The expenses of these investigations were defrayed by a grant from the 
Andrews Fund for which I express my indebtedness. 
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CLXXXIIL THE OXIDASE AND DEHYDROGENASE 
SYSTEMS OF THE CRYSTALLINE 
STYLE OF MOLLUSCA. 

By CYRIL BERKELEY. 

From the Pacific Biological Station, Nanaimo, B.G. 

{Received June 15th, 1933.) 

The occurrence in tlie cr 3 ^stalline style of Saxidomns giganteus, Paphm staminea 
and Mya arena/ria of substances liaviiig the general properties of enzymes and 
capable of oxidising some of the reagents commonly employed for the detection 
of oxidases was recorded in a 'previous paper [Berkeley, 1923]. Similar sub- 
stances have since been found in the style of Pecten maximus, 3Iytilus edulis, 
Ostre,a edulis [Yonge, 1925; 1926, 1]. Ensis siliqua [Yonge, 1925; Graham, 1931], 
ScMzothetirus nuttalli, Ostrea lurida, Ostrea virginica, Ostrea gigas, BanJcia setacea 
and Card/kmi corbis [Berkeley, 1933]. 

The observations that the oxidation of guaiacum could be brought about 
by an extract of the style of Saxido7nus giganteus in the absence of free oxygen 
and that the style disappeared from animals kept in boiled water in sealed 
vessels and was regenerated on access of air led me to suggest that the style 
might play a part in the anaerobic respiration of lamellibranchs first recorded 
by Collip [1920]. Doubt has been thrown on the suggestion that there is any 
essential connection between the disappearance of the style and anaerobic 
respiration b^r Nelson [1925] and by Yonge [1925; 1926, 2]. Nelson contends 
that anaerobic conditions slow down the movement of the cilia of the style -sac 
and the activity of the style -secreting cells ; the material of the style dissolved 
in the stomach is not replaced and the style therefore disappears quite apart 
from any possible part it might pla^r in supplying oxygen. He also points out 
that no relation can be found between the sizes of the styles of molluscs living 
normally under very well and very poorly aerated conditions respectively. 
Yonge brings forward the same arguments and also shows that the disappearance 
of the style depends upon the relation between its pjj and that of the gastric 
fluid. The style has invariably the lower pjj , so that the portion of it which is 
exposed to the action of the stomach contents is normally dissolved, and its 
iiiaintenance depends entirely on its continuous renewal by the secreting cells. 

Whilst there can be no doubt of the validity of these contentions it still 
remained possible that an oxidation process brought about by the oxidase set 
free b}^ the dissolution of the style might lead to the production during anaero- 
biosis of some or all of the COg on the production of which the evidence for 
anaerobic respiration rests. This possibility could not be disposed of until the 
actual physiological reaction brought about by the activity of the oxidase was 
determined. The present paper deals with an attempt to determine this reaction. 

The autoxidisable substance of the oxidase syste^n. 

The style of Saxidomus giganteus has been used throughout the experiments 
to be described. It was stated in my previous paper [Berketyy, 1923] that active 
oxidase preparations were obtained when styles of this clam were dried rapidly 
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at au- temperature tn vmuo. Further experience has led to a modification of th;. 
hnding. It IS true that the dried material, when freshly prepared yields active 
aqueous extracts, but has been found that it loses th^ power of ’so dotcTafte 
V ^pmg oi a_few weeks, even in a tightly closed container. The loss of activitx’' 
s due to the destruction of the autoxidisable component of the oxidase svsten? 
and not to that oi the peroxidase, since it is restored on addition of hydrogen 
peroxide to the extracts. It has further been found that, in order to obtain 
active oxidase preparations from undried styles taken from freshly-duo- c ams 

meld, be left intact If these are removed preparations made from the re 
rendenV^°?“"i°^ the styles have littlei or no oxidase activity. They are 

ii:" r™d 

Mis observation led to the conclusion that the autoxidisable comnonent 

style'' In “ some way connected with the anterior end^of the 

stylo. In clams which haye recently been feeding this end of the stvle nUT-.,... 

carries a mass of finely ground food material consisting mainly of bottom living 
diatoms. It wa.s suspected that these might be the source of'\he autoxidisablr 

“*“* -f '“to 

. 1 mass OI tliGS6 organisms was scraped off tlie cylMqQ Qirio.o rx-p 

.qna„.„ t,„k. The materW leighed abort 2 g‘^te7drSia aod d?vl ^ 
with fllter.pa]wr, and consisted almost entirely of 
naijcMto spp. It was ground with a httle distilled water until microsconic 
oxammation showed that most of the cells were ruptured ; more water was added 

nr QA Tf volume made up to lo ce. and allowed to stand for an liour 

no snV 1 *^ centrifuged until microscopic examination showed practically 

nmf 1 suspension. Half a gi-am of crystaUine styles iMedTi-aS 

tiMH previously was finely ground and allowed to stand in lo co of dis 

tiUed water saturated with toluene for 17 hours at ah temperature ft tho end 

1 dissolyed. The solution was ^entr^Sd 

nf « * m f ^ e-^iclase actiyity, with and without addition of an equal volume 

^amint aTf urt’ reaction and by means of p^-phenylene- 

mmine, a-napMhol and pjTogalloI. The diatom extract, without addition 

mosJ® anSrS stro simultaneously. The mixed extracts gaxe the 

most rapid and strongest reactions with each reagent. The style extmet alm.e 

Sol ‘’■’“7' “i s 

dtr™ ^oue showed some shght activity towards pm-oo-aUol but was 

foloufof taT!r°r ™ reagents. The rather dark yellow-green 

Venn. 1 r extract prevented the satisfactory use of o-uaiacum as a 

hlufl development of 

me paiallel series of tests was carried out, however usino- r.-f 

(obtained by towmg in the open sea akd eoSsisting mainly 
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It was evident that the autoxidisable component of the oxidase system 
of the stylo was contained in the diatoms adherent to it. A confirmation of 
this was obtained from clams which had been kept in the sea in a floating cage 
during a period of the year when the surface water contained little or no plankton. 
As a consequence the clams had been unable to feed and the anterior ends of 
their styles were quite free from diatoms. An extract of these styles was entirely 
without oxidase activity, but it was established by addition of either an extract 
of diatoms or of hydrogen peroxide. 

The nature of the diatom constituent involved has yet to be determined. 
It does not seem to be as unstable as was to be anticipated from the rather 
rapid loss of oxidase activity by the dined styles, so long as the diatoms remain 
intact. Some of the bottom diatom material used in the previous experiments 
was dried m vacuo and kept for some weeks. It was then ground and extracted 
and a series of tests carried out with the extract to determine its power of 
inducing oxidase activity in an inactive style extract relatively to that of an 
extract of undried diatoms. The two diatom extracts were made as nearly as 
possible of the same concentration. The diy material led to only slightly less 
oxidising activity than the wet, indicating that little destruction of the aut- 
oxidisable substance had resulted from drying and storage. The destruction of 
the autoxidisable substance is presumably due to oxidation by atmospheric 
oxygen, and it is probable that this occurs more rapidly in the material occurring 
naturally on the style than in the intact diatoms owing to the fine state of 
division to which it has been reduced. Filtration of diatom extracts removes 
the autoxidisable substance almost entirely. 

Since it "was not always possible to obtain live clams as they were required, 
extracts of dried styles, wdiicli were inactive without addition of the aut- 
oxidisable substance, and of fresh diatoms, made as described above, have been 
used for a large part of this work. Moreover, this course had the advantages 
that solutions of greater oxidising activity could be made than were obtained 
by using fresh styles and that the parts played in their joint action by style 
extract and diatom extract respectively could be separately studied. 

Selection of substrate. 

Since all molluscs which have a crystalline style are herbivores [Yonge, 
1930], and the style is mainly concerned in grinding food the organic portion 
of which consists largely of polysaccharides and submitting it to preliminary 
digestion, it was anticipated that the substance acted upon by the oxidase was 
a carbohydrate. It has long been known that the style contains an amylolytic 
enzyme, but there is no evidence that the style alone can carry the h3^di*olysis 
of starch to the formation of glucose, indeed evidence to the contraiy has been 
brought forward by Yonge [1926, 1,2], who showed that maltase is not present 
in the style of Ostrea eduUs, though it occurs in the digestive diverticula. The 
production of glucose certainly occurs after the ground food mixed with style 
material leaves the stomach, and it is unlikely that any oxidative process would 
take place until this stage of hydrolysis had been reached. According^ it was 
decided to experiment in the fii^st place with glucose as substrate. 

Acid formation. 

All attempts to detect the formation of an acid substance by the action of 
style extract on glucose failed. Freshly dug clams were used for these experi- 
ments and care was taken to retain the anterior portion, carrying the diatom 
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mass in dissecting out the styles. These were dissolved in distillerl 
ft,: o which had bean adjusted at 7-0, saturated witt 

(imghing on average 0-2 g.) per 1 ec. of water. Solution was almost w'' 
after standing for a period of 12 hours at air temperature at the end 
the small amount of undissolved material was removed by centrifiio-in” 's 
tions thus prepared reacted strongly wdth oxidase rpao-ent« TU • ^ 

I to o /o of pure glucose were added to tubes each containing o i Ir 
style solutions and bromocresol purple as indicator A, set of tnbe«'-H ' u i 
to stand at air temperature and another in a bath kept at 30° to 37° W ! 
of ft, could be observed in any of the tubes duiSfptuol^ 3 
seemed probable that the large amount of protein present in the sU- oxtrmf 

Production of a substance giving the tests for glucosone 

pure o'liicose bv nf^da+in,’-. * . ^ containing glucosone was prepared from 

S «? nbmp copper acetate, followdng the mekod of Evans 

5Mlligl|S|.SS§B 

laid clown by them. ^ ^ experimental conditions 

A .solution of 0-5 g. of m-nitrophenvlhydrazine in 30 cc Hf'l wno fr,n,id 

TZr zrzz “““ 

Tby Z” JiZ ‘h. 

«pplem„.t fc tot ly ZtoZil^Wo "Zs, “ ^ «<> 

redimtim hfr by the Seliwanoff test. Glucosone on 

rZZlSe “'1 .»««■ fmcte which c«p be detoZ 

th-ely'con(»ntr,tcdZh^ZZb°‘^f“ Sipoc glpcosc in rel,- 

most of it ffoin f K ' 1 +* some extent it is necessary to remove 

SZZc witoZbZZ ''••«»n.plithriL oxidhtion 

cmploTd r«. mZ , „ ?”f ?■■"*!“% ucltoed. The procedure 

to 5 ce of +• * ?’ 0-5 cc. of glacial acetic acid are added 

to 5 cc. of the solution under test and the mixture fs heated in a looselymorkecl 


OXIDISING SYSTEMS IN THE STYLES OF MOLLUSCA 1361 


test-tube standing in boiling water for 2 hours. After cooling the undissoived 
Zii is filtered off and 20 cc. of bromine water (saturated at air temperature) 
are added. The mixture is allowed to stand at air temperature in a closed vessel 
for at least 4 da3^s, after wliicli it is evaporated on a water-bath to 5 cc. An 
equal volume of 25 % HGl is added to this and a trace of resorcinol and the 
solution is heated in boiling water for a minute and quickly cooled. The presence 
of 0-02 % of giiicosone produces a quite definite red colour. A 5 % solution of 
glucose gives none. 

II. Schijf's reaction. Dixon and Harrison [1932] mention that giiicosone 
gives this reaction. In the experiments to be described equal volumes of the 
solution under test and of the reagent were taken. The presence of 0-04 % of 
giiicosone is easily detected. Glucose is entirely without action. 

The presence of compounds other than giiicosone might be indicated by 
either of these tests, but there would seem to be no other substance resulting 
Ifoiii the oxidation of glucose which gives all three. The occurrence of positive 
reactions in all three cases affords, therefore, strong presumptive evidence of 
its presence and its foriiiatioii has been assumed when this has occurred, though 
it is realised that the finding needs final confirmation by quantitative means. 

Before applying the tests it was essential to remove all protein from the 
solution. This was accoinplislied b,y dialysing through cellophane. It was 
necessary to concentrate tlie dialysate before testing. Dixon and Harrison 
[1932] show that solutions of giiicosone may be concentrated in vacuo in acid 
solution without appreciable loss. This has been confirmed. 

A preliminary experiment carried out with mixed extracts of wet bottom 
diatoms and dried st^yles indicated that giiicosone was produced. To 10 cc. of 
an extract of the diatoms made as described in a previous jiaragraph 0-25 g. 
of finely ground dried style and 0-5 g. glucose were added, the liquid was 
saturated with toluene and the mixture shaken at intervals until the style 
material was dissolved. It was then put into a wide-bottomed flask, in order 
to expose as large a surface to the air as possible and allowed to stand at air 
temperature for 48 hours. At the end of this time it was transferred to a small 
cellophane bag and diatysed against about 50 cc. of distilled water saturated 
with toluene. The water was changed at 12-hoiir intervals until, on testing with 
Fehliiig’s solution, only a slight reducing action was obtained. The united 
dialysates were concentrated to 10 cc. in vacuo at 50--60°, after addition of 
0*5 cc. of glacial acetic acid. 

The three above-mentioned tests applied to 2 cc. samples of this concentrate 
gave ill each case a positive reaction for giiicosone. This has been repeated 
several times using extracts of both bottom and plankton diatoms, and similar 
results have been obtained using solutions of iindried styles extracted from 
freshly-dug clams with care to retain the anterior ends carrying the diatoms, 
but, ill the latter case, the giiicosone reactions were never so strong as in those 
from solutions of the same concentration of dried style in diatom extract. 

In order to determine to what extent the production of glucosone was to 
be attributed to the activity of each component of the mixtures, series of experi- 
ments were carried out in which each constituent was omitted in turn. The 
concentrations of the extracts and of glucose were the same as those in the 
experiments described above. The results obtained are summarised in Table I. 

It is evident that the oxidation of glucose to glucosone by the combined 
extracts of style and diatoms depends upon the presence of the latter. The 
extract of diatoms alone can bring it about to only a small extent. The reaction 
proceeds in this respect in a manner precisely analogous to the oxidation of 
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Table I. 


Mixture 

Style, bottom diatoms 
and glucose 

St^yle, plankton diatoms 
and glucose 

Style and bottom diatoms 

Bottom diatoms and glu- 
cose 

Plankton diatoms and 
glucose 

Style and glucose 


m-jSTitrophenylliydi’azine 
Precipitate in 15 mins. 

Precipitate in 30 mins. 


Trace of precipitate in 
30 mins. 

Slight precipitate in 
30 mins. 

Slight pi ecipitate in 
30 mins. 

No reaction 


' Fructose test 
Strong colour 

Strong colour 

Very slight re- 
action 

Distinct colora- 
tion 

Fair coloration 
Trace of colour 


Schiff test 

Coloration in 2 mins. 
Coloration in 5 mins. 


Faint coloration in 
6 mins. 

Faint colour in 2 mins. 
Faint colour in 5 mins. 
No reaction 


glue™, b, the hydrolysie of o.tbohydrate in the di.tfm S ' 


j. 


uj a aeayarogenase. 


adS: 

molee^k, suggested that a dehydrogenase might be concerned ® 

and' ciried"S™maraTrstlY^^^^^^^ diatoms 

methyieoe Hoe were added'!’ eudf idter remtal'of f sLil * 2 ;mpIe'for“°'l 

comparison, the mixture ^ ^ ® colour 

applt„e.'„dp .„;5 Lrfcn£Sah“ 

apparatus for 24 hours some decoSS f 

of the solution became appreciably veUower it wk d Zi® 

shown above, maTyMracef aTe moduL 

ehminate the possibility The exmerlm + ™ seemed advisable to 

blue can be easily followed! n-nrl q 4- 4. ^ of methylene 

»»pe.etegtrJ; 1 h:“£‘£X^^^^ 
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Filially a similar experiment was carried out with a solution of uiidried. 
styieSj with their normal complement of attached diatoms, in water (about 
3 g. stides to 15 cc. water). Only slight decoloration of the methylene blue took 
place, and all the glucosone tests were weak though definitely positive. 

It was evident therefore that the combined extracts of style and diatoms 
contained a substance, or substances, which could reduce meth 3 dene blue and 
lead to the production of glucosone from glucose in vacuo. It remained to be 
determined whether these two reactions were connected and how far each con- 
stituent of the mixture was essential to them. To this end a series of experiments 
was carried out in which each constituent of the complete mixture was eliminated 
ill turn. The experiments were maintained in vacuo for periods of 48 hours. 
Both bottom and plankton diatoms v^ere used, but, since the results confirmed 
one another almost completely, they are not reported separately (Table II). 


Table II. 


Mixture 

Decoloration 
of methylene 
blue 

w-Nitrophenyl- 

hydrazine' 

Fructose 

test 

Scliiff 

test 

Style, diatoms, glucose 
and methylene blue 

Almost com- 
plete 

Precipitate in 

15 mins. 

Strong colour 

Colour in 6 mins. 

Diatoms, glucose and 
nietliylene blue 

Slight 

Trace of precipi- 
tate in 30 mins. 

Slight colour 

Slight colour in 
15 mins. 

Style, glucose and 
methylene blue 

Slight 

Slight turbidity 

Slight colour 

No reaction 

Style, diatoms and 
methylene blue 

None 

— 


— 

Glucose and methylene 
blue 

Very slight 

No reaction 

Very slight 
colour 

No reaction 

Stjde, diatoms and 
glucose 

— 

Slight turbidity 

Trace of 
colour 

Very slight colour 
in 15 mins. 


It is apparent from these results that the decoloration of methylene blue 
tinder the combined action of style and diatoms depends upon the presence of 
glucose ; without it no decoloration occurs. Also that in the absence of methylene 
blue practically no formation of glucosone occurs, so that methjdene blue is 
evidently essential as hj^drogen acceptor for the dehydrogenation of glucose to 
proceed. It seems reasonable therefore to look upon the two reactions as con- 
nected by a dehydrogenase system transferring hydrogen from glucose to 
methylene blue. The full activity of this dehydrogenase system depends upon 
the presence of a diatom constituent. The decoloration of methylene blue and 
the glucosone reactions are all more pronounced in the case of the mixed extracts 
than in that of either alone. This diatom constituent, unlike that w^hicli functions 
as the aiitoxidisable component of the oxidase s^^stem, becomes inactive, in 
dried diatoms which have been kept for some weeks. An extract of such dried 
diatoms in which dried styles and glucose had been dissolved did not decolorise 
methjdene blue appreciably faster or more completely than a solution of the 
same concentration of styles and glucose in water, and the mixture led to onty 
veiy shght glucosone reactions. Mann [1932] has shown that a hydrogen acti- 
vator plays a part in the oxidation of glucose by the glucose dehjMrogenase 
isolated by Harrison [1931] from liver. It is probable that such an activator 
is present in diatoms, but the evidence available does not exclude the possibility 
that the dehydrogenase is contained in the diatoms and an activator in the 
st 3 de. This point has yet to be investigated. 
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Discussio^t. 

The observations that glucose is oxidised to glucosone by the actixdty of 
the crystalline style in contact with air under the influenoe of an oxidase svstem 
and also out of contact with air under that of a dehj^drogenase system seem 
to demand a common explanation. The most probable one appears to be that 
the production of glucosone in solutions in contact with air is due to the activitv 
of tlie dehydrogenase .system and that the oxidase svstem serves merely as 
hydrogen acceptor to promote this activity, but proof that this is the case 
awaits the separation of the various substances concerned. That an oxidase 
system and a dehydrogenase system can thus interact has been shown by 
Harrison [1931] who was able to promote the oxidation of glucose in contact 
with air under the influence of his glucose dehydrogenase by means of an 
oxidase isolated from heart muscle. In this case cj^tochronie was necessary to 
serve as carrier between the two aothmting systems and, if the analogy be 
complete, some substance performing this function is to be looked for hi the 
crystalline style or its accompanying diatoms. 

It is clear that Harrison’s glucose dehydrogenase differs essentially from the 
dehydrogenase of the crystalline style inasmuch as the one leads to the pro- 
duction of gluconic acid, the other to that of glucosone. 

The only other enzymes bringing about the oxidation of glucose which have 
been described appear to be that of Muller [1929] isolated from AspergUlua niqer 
and that wli.icli occurs in certain bacte.ria. The former behaves as an oxidase 
and produces gluconic acid. The latter is inactivated bv toluene [Qiiastel and 
Wooldridge, 1927], Both, therefore, differ from the “dehydi'ogenase of the 
crj-stallliie style. 


This appears to be the fii-st time that the production of glucosone as the 
result of a,nimal, or partly animal, physiological activity has been described- 
record of its occurrence as a biological product except that 
ot Walker [1932] who detected it in a glucose medium in which a mould of the 

jiamis-oryzm group of AspergiUi had been grown. 

If the formation of glucosone from glucose is the only reaction brought about 
by ^ the oxid.ising activity of the crystalline style, as seems to be the case, the 
suggestion that the CO2 produced b}^ clams during anaerobiosis might be attri- 
buted to that activity must be abandoned, since COo is not a product of the 

It is realised that the results which have bee.n recorded in this paper are of 
a prelim.inary nature. Future wo.rk will be directed toward the sepa.ration of 
tlie several ^ substances concerned in the reactions which have been described, 
le c e ermmation of the conditions governing their interactions, the qiiaiiti- 
tative .identification of the product or products, and the effect of substituting: 
other substrates for glucose. 


i^UMMAKY. 

1. The oxidase_ system of the crystalline style of Saxidomm giganteus de- 
pends for its activity on at least two components, a peroxidase contained in 

substance contained in the diatoms con- 

stituting the food of the animals. 

2. No acid is formed by the action of the oxidase system on glucose 
tative wnfirmation^^'''''’* ^ 
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' 4. A dehydrogenase system also occurs whose activity also depends on the 
joint action of a substance contained in the style and another contained in the 
diatom food material. 

5. C41ucosone also appears to be formed by the action of the dehydrogenase 
system on glucose in the presence of methylene blue in vacuo, 

6. It is suggested that the oxidase system serves as hydrogen acceptor to 
promote the action of the dehydrogenase system. 
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CLXXXIV. THE KERNEL-FATS OF SOME 
MEMBERS OF THE PALMAE: ACROCOMIA 
SCLEROCARPA MART. (GRU-GRU PALM) 
MANICARIA SACCIFERA GAERTN., ASTRO- 
CARYUM TUCUMA MART., MAXIMILIANA 
CARIBAEA GRISEB., ATT ALE A EXCELS A 
MART. (PALLIA PALM), AND COCOS NUCI- 
FERA LINN. (COCONUT). 


UJiJUJb'ij'KJUy COLLIN. 

From the Department of Indmtrial Chemistry, University of Liverp/ool. 
{Received July 12th, 1933.) 

Up to the present only five examples of the kernel-fats of this important familv 

Sro?the‘^rn methods now available for the quantitative estima^ 

““ ^"^Ponent fatt^ acids [Armstrong et al., 1925; Taylor and Clarke 
1927 Hildztch and Vidyarthi, 1928; CoUin and Hilditch, 1928; Saraiva im- 

to Sttn'^'^th nota’ submitted 

to oxidation with potassium permanganate, whereby a general idea of the 

lor SIX moie seed-fats of this family are communicated. Of these, five are new 
m the sense that they have not hitherto undergone detailed analysis and one’ 
a commercial specimen of coconut oil, is of interest as a useful addition to the 

sfmcifera Gaelto Tnd 4 Acmcoma sclerocarpa Mart., Manicaria 
auStZ ^frocaryum Tucuma Mart., were available in sufficient 

a dJip?™/? f fatty acid analysis of the normal standard of accuracy and for 
?at aSaW?T f of fully-saturated glycerides. The aniou^ts S 

Sczi Mart IZ s?® T! ' f <^ribaea Griseb. and Attalea 

PO®«ible to make a very rough 
thelttracid fatty acids. In the case of Maximiliana laribaea 

coUosLn laTrt single_ fractionation, and its general 

fractions in the at. ^ analytical constants of the primary 

neeessarv when deS systematic refractionation which is strictly 

PalmaesLd fat Wh complex mixture of acids characteristic of the 

LeSon£fwn ; ^ n kernel-fat of Attalea exceha, the primary 

of frSfon -r ° correspond as closely as possiblef in size 

of a Palmae kernel^a+° ^ ug-pomt, with an average primary fractionation 
a veneral idL^Xw^ comparison of the two sets of analytical data 

To v mrd al 1 . component acids was obtained, 

vacuum dTstiuS^ a''"^ possibffity of loss of low-boiling esters during the 
tile WiJistatter ^ water- condenser was inserted betw^eeii 

11 e Perkin triangle during tlie primary fractionation 
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and the first two refractionatioiis. Apart from this alteration, both the ester 
fractionations and the acetone-permanganate oxidations follow the procedures 
adopted in the examination of coconut and palm kernel-fats [Collin and Hilditcli, 
1928]. 

Composition of the fatty aoid mixtubes. 

The tendency of the various species within the palm family to s^mtliesise 
fats of similar composition is shown very strikingly by a comparison of the 
fatty acid mixtures of the five new fats examined in this paper, (i) with each 
other, and (ii) with the recent analyses already mentioned of the component 
acids from coconut, palm kernel, coliune nut, murumuru and Attalea fimifera 
kernel-fats. 

Table I. 

% acids. 

Cap- 

rylic Capric 

A croconiia sclerocarpa 
Ilafiicaria saccifem 
A strocaryiim Tiicimia 
Astromripmi Mu rmmiru 
[Saraiva, 1929] ^ 

Maximiliana caribaea 
Attalea excelsa 
Coliune [Attalea coliune) 

[Hilditcli and Vidyartlii, 

1928] 

A ttalea fmiifera [Heidiisolika 
and Agsten, 1930] 

Coconut I [Collin and 
Hilditcli, 1928] 

Coconut II 

Palm kernel [Collin and 
Hilditcli, 1928] 

In each case the same range of fatty acids is present, but each genus, as it 
were, asserts its individuality by slight variations in particular components 
while conforming to the same general type. The comparative constancy of the 
major constituent of the mixtures, laiiric acid, is particularly noticeable and, 
similarly, capric, myristic and palmitic acids all occur within fairly narrow 
ranges. The apparent absence of caprylic and stearic acids from the fat of 
Maximiliana caribaea may well be attributed to incomplete separation of the 
mixture due to lack of material. 


Cap- 



My- 

Pal- 


Lin- 

rylic 

Capric 

Laurie 

ristic 

mitic 

Stearic 

Oieic oleic 

7-8 

5-6 

44*9 

13-4 

7-6 

2-6 

16'5 1-6 

5‘3 

6-6 

47*5 

18*9 

8-2 

24 

9-7 14 

1-3 

4*4 

48-9 

21-6 

64 

D7 

13-2 2-0 

M 

1-6 

42*5 

36-9 

4-6 

24 

10-8 04 

(?) 

5-0 

47*0 

21*0 

9-0 

(?) 

(18) 


(Similar composition to that of Acrocomia sclerocarpa) 

7'5 

6*6 

46-4 

16’1 

9-3 

3-3 

9-9 0*9 

6‘5 

2-7 

45-9 

19*9 

6-9 

— 

184 — 

7-9 

7-2 

48-0 

17-5 

9*0 

24 

5-7 2-6 

7-8 

7-6 

44-9 

18-1 

9-5 

24 

8*2 1-5 

2*7 

7-0 

46-9 

14-1 

8-8 

1-3 

18*5 0*7 


Glyceride strhctijee of the kernel-fats of Acbocomia sclerocarpa 
Mart., Manicaria saccjfera Gaertn. and 
Astrocaryum Tucuma Mart. 

The determination of the content of fully- saturated glycerides in these three 
fats and the consequent disclosure of the extent to which the unsaturated acids 
are distributed tlmougliout the gljmeride molecules has demonstrated that the 
usual tendency towards even distribution, characteristic of kernel-fats, holds 
throughout this group. The numerical expression of the extent of dispersion of 
the unsaturated acids, the ‘'association ratio'’ [Collin and Hilditcli, 1929], is 
in fair agreement in all three cases with the corresponding values for coconut 
and palm kernel-fats and indicates that all these fats possess similar glyceride 
structures. The case for the absence of triolein from coconut and palm kernel- 
fats has been put in a previous paper [CoUin and Hilditch, 1928] and applies 

86—2 


1368 


G. COLLIN 


with equal force to the present fats. Assuming triolein to be absent tbeo-l™.. -i 
imposition of the fats may be expressed in terms of saturated glywrife 
mono-unsaturated disaturated glycerides, and di-unsaturated monosatmatpH 
glycerides (the figures refer to mols. per 100 mols. of fat) (Table II). 


Acrocomia sclerocarpa 
Manicaria saccifera 
^4 strocaryum Tucuma 


Table II. 

Fully-saturated 

glycerides 

69 

82 

73 


Mono-unsaturated 

disaturated 

21 

11 

18 


Bi-uiisaturated 

moiiosaturated 

10 

7 

9 


Acrocomia sclerocarpa (Gru-gru) kernel-fat. 

This tree, ^ow loeaUy as the gru-gru palm, is indigenous to Central 
Ameiioa and Brazd, although the specimen from which this sample of nuts 
was taken grew m Tiimdad. The nuts were kindly supplied bv the Departmom 
of Agriculture, Port of Spain, Trinidad, to whom we are also indebted fmS 
specimens of Mamcana saccifera and MaximUiana caribaea nuts. 

The nuts contained 26 % of kernel, wliich, by extraction with low-boiline- 
“h-T" % of a white soft fet having saponification eS 

valent 222-3, acid value 0-6, iodine value 17-1, unsaponhiabFe mSe^S-S 
and M.p. (open tube) 24°. Tbe corresponding mixed fatty acids containing tht 
nnsapomfiable niatter, bad saponification eqiiiyalent 210-4, iodine valued 8-0 
and setting-point 22°. A quantitative analysis of the component fatty acids 
has not been published but various workers have determineXfconstants S 

So re of -Ponification equivalent varySr^Wn 

220^30 lodme value 16-21, m.p. 21-32-5° and Reichert-Meissl vake 

.. desclbedfcS 


Caprylic 

Capric 

Laurie 

Myristic 

Palmitic 

Stearic 

Oleic 

Linoleic 


Table III. 

% acids 


Weight 


Mols. 

7-8 


11-5 

5-6 


6-9 

44*9 


47-6 

13-4 


12-2 

7-6 


6-3 

2-6 


1-8 

16-5 


12-5 

1-6 


1-2 


treated w1?fnf The fat (99-6 g.) was dissolved in acetone and 

treated vdh potassium permanganate in the usual manner. On workino- no 

(kdke vake 0 sf saturated glyceride? 

cmWwh Aa H 1 ^q^eous potassium 

cai bonate, the crude product was separated into (a) 42-9 g. of satui-ated kveerides 

of fuilv 1 of acid pioduct. This corresponds with a content 

saturated -tV ^ ^ an “association ratio” in the mixed 
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Manioaria saccifera JcerneUfat. 

As ill the case of Acrocomia sclerocarpa, the palms from wliich the nuts were 
obtained, although indigenous to Central America and Brazil, were grown in 

Trinidad. 

The kernels formed 15 % of the nut and gave 57*7 % of a soft white fat on 
extraction with low-boiling light petroleum. The fat possessed the following 
analytical characteristics: saponification equivalent 221*8, acid value 0-6, iodine 
value 10*7, misapoiiifiable matter 0*05 % , and m.p. (open tube) 27*1°. The mixed 
fatty acids, containing the unsaponifiable matter, had saponification equivalent 
208*0, iodine value 11*4 and setting-point 24*3°. Again there is no quantitative 
analysis of the fatty acids on record, but there is a reference in the literature 
[Ohen en \'etteii, 1919] to a specimen of this fat with a saponification equivalent 
of 232*2, iodine value 19 and m.p. 30°. 

The results of the detailed analysis of the mixed fatty acids from the present 
specimen are given in Table IV. 



Table IV. 

acids 

^ 


Weight 

Mols. 

Caproic 

Trace 



Capiylic 

5-3 

7-8 

Capri c 

6-6 

8*0 

Laurie 

47-5 

49*9 

Myristic 

18-9 

17-4 

Palmitic 

8*2 

6-7 

Stearic 

2-4 

1-8 

Oieic 

9-7 

7*3 

Linoleic 

1*4 

1*1 


Fully-saturated glycerides. Permanganate-acetone oxidation of the fat 
(25*9 g.) yielded 20*6 g. of crude fully-saturated material; this was resolved, 
by further purification, into {a) 19*50 g. saturated glycerides (saponification 
equivalent 214*5, acid value 0*5), (6) 0*71 g. saturated glycerides (acid value 2*9) 
and (c) 0*39 g. acid product. The content of fully- saturated glyceride is therefore 
79*5 % (weight) or 82*3 % (niols.), corresponding to an association ratio of 
1*16 to 1. 

Astrocaryum Tucuma kernel-fat. 

The natural habitats of this palm are Brazil, Central America and the West 
Indies, but the palms from wliicli the fat now examined was obtained weu'e 
grown ill Malaya. The nuts were collected through the kindness of Messrs 
E, Boustead and Co. (who also supplied the nuts of Attalea excelsa) from the 
Malakoff Paibber Estates. 

The decorticated kernels yielded 39*8 % of a white fat, rather harder than 
in the previous instances, of saponification equivalent 230*3, acid value 1*8, 
iodine value 15*8, unsaponifiable matter 0*4 % and m.p. (open tube) 30*3°. The 
mixed fatty acids had saponification equivalent 218*9, iodine value 16*6 and 
setting-point 26*8°. The values recorded in the literature vary between the 
following limits: saponification equivalent 225-226, iodine value 9*4-1 1*6, 
M.p. 30*5-35*5°. 

The results of the fractionation of the esters of the mixed fatty acids in the 
usual manner are given in Table V. 

Fully -saturated glycerides. Oxidation of the fat (98*6 g.) with potassium 
permanganate in acetone yielded 72*1 g, of crude saturated glycerides which 
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Table V. 


Capiylic 

Caprie 

Laurie 

Myristic 

Palmitic 

Stearie 

Oleic 

Liiioleie 


Weight 

1-3 

4-4 

48-9 

21-6 

6-4 

i'7 

13*2 


% acids 

-A>__ 


Mols. 

1-9 

5-6 

53-1 

20-6 

5-5 

1-3 

10-1 

1-9 


and (c) 2-24: 9 ' acid nrduof W.l glycerides (acid Take 2-6) 

7|8% (.ols.) of fully-saturated 

Maximiliana caribaea IceT 7 iel-fat. 

09 o| of o“: 4°* w.;Tiotiss 

characteristics: saponification equivalent 236-8 'acid vdutVo o 
22*75 "^^nsapoiiifiable matter 0*92 0 / rnr ’ iodine value 

the literature. IraS ell!-'”;, ^ ® references to it in 

mitted a rudimentary fractioltion of the^H^* °f +1^ P®r- 

be undertaken. The results sugo-ested thl m?! • 

of component fatty acids (TablfVl). ollotnng approximate proportions 


Table VI. 


% acids 


Caprie 

Laurie 

Myristic 

Palmitic 

Stearic 

Oleic ] 

Linoleic [ 


^Veiglit 

Mols. 

5 

6 

47 

50 

21 

21 

9 

? 

8 

? 

18 

15 

■Hm palm) 

herneUfaL 


native of M grown in Malaya, but the tree is 

T iodnfe 

Previous workers ^Wittka 218-6, iodine value 19-J 

values: saponification equi^M 2lV2i?LMrvlMi8-16Tp ^8 

prim«y7a7ToLtio7M?he777^ 7®"® compared with tli 

The similarity in ranyp «cZeromrpa (Table VII) 

between the 

are broadly the same M 7777 “cbcation that the two mixturei 

not so rich in the group of acMs bdow 777 ^ttalea excelsa, however, if 
is balanced by its increased extent Tf ^^Acrocomm sclerocarpa fat, and thh 

y incieased content of myristic, palmitic and stearic acids 


KERNEL-FATS OF PALMS 


1371 


Table VII. 


Attalea excelsa Acrocomia sclerocarpa 

Mixed esters Mixed esters 

A 



r 

Weight 

S.E. 


/" ‘ ' 

Weight 




B.L 

% 

I.V. 

B.P. 

0/ 

/o 

S.E. 

I.V. 

1 

55-88° 

24 

196-6 

0-5 

50-95° 

29 

188-6 

0-3 

2 

88-90 

25 

217-6 

0-7 

95-105 

30 

217-7 

0-5 

3 

90-130 

31 

252-8 

17-2 

105-130 

18 

245-6 

15-8 

4 

Eesidue 

20 

295-9 

60-3 

Residue 

23 

291-7 

64-2 


Coconut oil. 

The coconut oil used was taken from a refined commercial specimen suppHed 
by Messrs Lever Brothers, Ltd., and had saponification equivalent 217’2, iodine 
value 9 ‘7 and acid value 0-3. The experimental determination of the fatty acid 
mixture and the fully- saturated glycerides was carried out by Dr R. Child; the 
final composition of the component acids is given in Table VIII. 


Caproic 

Table VIII. 

% acids 



Weight 

Trace 

Mols. 

Caprylic 

7-8 

11-2 

Capric 

7-6 

9-2 

Laurie 

44-9 

46-5 

Myristic 

18-1 

16-5 

Palmitic 

9-5 

7-7 

Stearic 

2-4 

1-8 

Oleic 

8-2 

6-0 

Linoleic 

1-5 

1-1 


Fully -saturated glycerides. Permanganate-acetone oxidation of the fat 
(400 g.), yielded {a) 244 g. saturated glycerides (saponification equivalent 211, 
acid value nil), (5) 82 g. saturated glycerides (acicl value 6-6), and (c) 57*6 g. 
acid product. The original fat therefore contained 80*7 % (weight) or 84 % 
(inols.) of fully-saturated glycerides. The correspondmg “association ratio'' of 
saturated to uiisaturated acids in the mixed non-fulty-saturated glycerides is 
1-4 : 1. 

This result is of interest -when compared with those for the onty other 
coconut-fat glycerides previously examined [Collin and Hilditch, 1928]. The 
specimen of fat then studied contained slightly more combined oleic and linoleic 
acids than the present one and, correspondingly, slightly less fully- saturated 
glycerides. The ratio of saturated to unsaturated acids in the non-fiilly-saturated 
glycerides was, however, the same in both cases. In seed-fats wherein un- 
saturated acids do not form more than about 40 % of the total fatty acids, 
the amount of fully- saturated glycerides is determined by the excess of saturated 
acids over and above the quantity necessary to link with unsaturated acids in 
mixed glycerides with an “association ratio” of about 1-3 to 1-4 : 1. 

Cordial thanks are offered to Mr C. B. V. Georgi and to Messrs E. Boustead 
and Co. for assistance in obtaining the specimens from Malaya; to Mr J. Williams 
and the Department of ^Agriculture, Trinidad, for help in the collection of the 
Trinidad nuts ; to Messrs Lever Brothers, Ltd. ; and to Prof. J. McLean Thompson, 
who kindly identified the “pallia palm” nuts as those of Attalea excelsa Mart. 
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CLXXXV. FATTY ACIDS FROM THE LARVA-FAT 
OF THE BEETLE PACHYMERUS DACTRIS L. 


By GEOFFREY COLLIN. 

Fro?n the De/partment of Industrial Chemistry, University of Liverpool, 
{Received July 12th, 1933.) 

Whek tiie nuts of Manicaria saccifera Gaertn. [Collin, 1933] were being prepared 
for extraction, many of the kernels were found to contain living grubs, which 
were identified as the larvae of the beetle PacJupnerus dactris Linn. This insect 
has also been found in the kernels of the cohune nut {Attalea cohune) and is a 
comiiion pest of these species [Hilditch and' Vidyarthi, 1928]. The larvae had 
eaten all the fat-bearing endosperm, and in some cases had undergone meta- 
morphosis into the beetles, which were boring their way through the hard shell 
of the nut. The .fat from the larvae was extracted and obtained in sufficient 
quantity for a rudimentary analysis by the ester-fractionation method. 

8*5 g. of semi-solid fat w^ere obtained from 53 larvae (18 g.) by soaking them 
in acetone, drying, extracting wdth low^-boiling petroleum and combining the 
acetone and petroleum extracts. This had saponification equivalent 260*7, iodine 
value 37*4 and acid number 3*2, and wms analysed in the usual wmy by distilling 
the methyl esters of the “liquid” and “solid” acids (obtained by lead salt 
separation) from a 50 ce. flask wdth column into small receivers carried on a 
rotating support inside a vacuum desiccator. The quantities dealt wdth w^ere 
so small that the accuracj^ of the analysis is not of a very high order. 

The acids wmre separated into “solid” acids (57*5 %, iodine value 3*0) and 
“liquid” acids (42*5 %, iodine value 70*9): the calculated approximate com- 
position of the mixed esters is given below: 

Esters % by weight 


Laurie 


24 

<•71 

Myristic . . . 
Palmitic ... 


^ i 

8 

Oleic 


32 

Linoleic ... 



Stearic, oleic 

or linoleic (present in residual fractions) 

12 


Comparing these figures with those for the kernel fat of Ilanicaria saccifera 
[Collin, 1933], it appears that the acids of lower molecular w^eight (of which laiiric 
acid is the chief) are present in the larva-fat in only about half the amount in 
which they occur in the kernel-fat, while oleic and linoleic acids probably form 
about 40 % of the mixed acids in the larva-fat, as compared wdth only 1 1 % in 
the kernei-fat. This rather suggests that the insect has derived its fat partly 
by direct assimilation of the preformed vegetable fat, and partly by synthesis 
from carbohydrate (or other non-fatty) components of the kernel. If this be 
the case, it would appear that the development of fat in insects may follow^ a 
course not very different from that which takes place in the larger land verte- 
brates, such as the pig. 

Unfortunately there is little information in the literature on insect fats. 
The cocoon of the silkworm, Bomhyx mori Linn., contains about 25 % of fat 
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consisting of mixed glycerides of palmitic, oleic, Hnoleic and • 

and the mixed fatty acids include about 25 % of saturated (palmitii ! “i ° 

’With about 22 % oleic, 38 % linoleic and 15 0 / linolnniV stearic) 

1916; Suzuki and Yokoyama, 19281^ 0^; oStsfaf WOs! 

those from two insects of unknown origin [Desvermies 1920^ 
of which had a mean molecular weight of 263— ^6*? and pnnf '• ^ ^i^ced acids 
acids (50-60 o/„) with iodine values S 140 andfs S ™«"turated 

of a few fats of insects belonging to thfc2onteVa ^iS^^^^^ cbaracteristics 
have been reported, from which it apnears that t>’ ? P* ®' Orthoptera 
and linoleic Lids ;nd that, LhioSHalStt 

acids of lower molecular weight are absent An +• ^Iso present, 

however, found in the kHf PcmiSrsnecIf, 
are reported by Schultz [1922] to have a mean mnle 

state, I.y d^™ &te LtailJT™ to “ n “ “ 


references. 

Collin (1933). Biochem. J. 27, 1366. 

(1916). J. Inch Eng. Cliem. 8, 802. 


CLXXXVL THE COMPONENT FATTY ACIDS 
OF RAT BODY FATS. 

By ADAM BANKS, THOMAS PERCY HILDITCH 
AND EDWIN CHARLES JONES. 

From the Department of Industrial Chemistry^ University of Liverpool. 

{Received August 19th^ 1933.) 

Detailed quantitative information upon the composition of the fatty acids 
combined in the depot fats of animals is abundant in the cases of the ox, sheep 
and pig, but is otherwise still scanty, except in a few isolated instances, such 
as the loin fat of the reindeer [Baughman et al, 1929] and the body fat of the 
horse [Heidiischka and Steinriick, 1921 ; Grossfeld, 1931]. These two fats appear 
to fall into the same category as the tallows and lards, in that their component 
acids contain about 30 % (weig.ht) of palmitic acid and substantial, but variable, 
proportions of stearic acid, the amount of the latter varying more or less in- 
versely with that of the oleic acid present [<:/. Banks and Hilditch, 1932]. Of 
bird depot fats, those of the goose [Bonier and Merten, 1922; Grossfeld, 1931] 
and the hen [Grossfeld, 1931] have been examined by resolution into ''solid” 
and "liquid” acids by lead salt separation (Twitchell), or by oxidation (Bertram). 
The bird fats seem to belong to a different type from the animal fats mentioned, 
since the analyses quoted indicate the presence of only small amounts of stearic 
acid (usually not more than 5 %), and the proportion of palmitic acid is also 
lower (20-25 %). These differences, which are confirmed and extended, in the 
case of hen fats, by studies by the ester-fractionation method now proceeding 
in this laboratory, point to the desirability of collecting detailed quantitative 
data for the depot fats from a much wider variety of animals than that dealt 
with up to the present. 

As a contribution to this end, we are able to communicate the results of 
analyses, by the ester-fractionation process, of four rat body fats and of the 
perinephric fat from wild rabbits (the latter analysis having been carried out 
by Mr J. B. Vickery in 1928, but not hitherto published). Burr and Burr [1930] 
pointed out that rats appear not to lay down linoleic acid in their reserve fats 
and suggested that they are unable to synthesise hnoleic acid; according to 
these authors, the absence of fats contaming linoleic acid from the diet causes 
the animals to develop the condition known as "scaly tail.” Gregory and 
Drummond [1932] studied the depot and hver fats of rats fed on various diets 
by examining the analytical characteristics of the mixed "hquid” or mainly 
unsaturated acids obtained from the Twitchell lead salt separation. They con- 
firmed Burr and Burr’s observations that, with fat-free diets, the body fats 
were substantially devoid of linoleic acid, but found that this acid was present 
in the liver fats, from which it would follow that rats are able to s3mthesise this 
acid but do not deposit it in the reserve fat. 

This peculiarity, the extensive use made of rats in nutritional experiments, 
and the desire aheady mentioned to extend the range of information on animal 
depot fat component acids, made us welcome an offer by Prof. Drummond to 
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place at our disposal, for study by the ester-fracfinufitmr. j 

depot fats collected from rats which had been fed (a) on main*! ’ of 

and on diets supplemented by cod-hvroil We^ Te 

Each rat jdelded in all 5-6 g. K aM of a number of animals, 

ill each specimen varied from 40 to 70 ^ The hH available material 

s.m«„t for a.. .oc„.te dete«™ >■»' 

oleic and hnoleie acids; it wiU be seen, however ^at the ®f®aric, 

cated by the apparent presence of snu, I analyses were comph- 

oflowei-molecXweiSrthanlrrLT^ f 

this, it would be Z 

than were available in order to obtain data nf +1 of material 

The figures given for palmitic, LarSanTltnl' 

very close to the truth whilst thnf W acids, however, are probably 

to within perhaps 3 orh unSs % EortrateTv 

features of the component acids are quite evfden^irSe 

of theMSal data! “ 
amee samples of lat fats were origmally supplied 

or carotene over'periodsl^SJg ^ 

satiiSed fite. llMt?f th^e aiimfSrw * contained un- 

cases 10 % of the diet emSeroTh tr 
supplements conveyed in ethyl laurtte^STA) 

(m ml erses f%) oflod" W ou'l ^tSodfof 10 utlk?' ^ 

resullXclLt'Sof *1^® “Cresting 

which 12 rats were fed for l?re] , ^ ^ andertooh a special experiment in 
j-ch 73 %, »i7»izT™3 

however, did not reproduce' the charaeteristiesVf ftt P 

low proportion of cod-liver oil used. * ^ ^ *0 the 

(rnainl!!^ sltairtedt^n^^iquid ^ divided mto “solid ” 

acids was then converted into moflixri ^ f ^ acetic acid). Each group of 

The fPMWtio„rtat“™S t. ‘™ T'™' 

b»i. of the deductions at to the eomposiSrf S ' 

(Table I). oompietely solid at room temperature, may first be recorded 


fat 

A 

B 

C 

D 


Diet 

“fat-free” 

Mainly "‘fat-free” 
2-15 % cod-liver oil 
2 % cod-liver oil 


Table I. 

Saponification 

equivalent 

281-0 

283 - 3 

284 - 2 
280-3 


Iodine 

value 

60-5 

57-3 

74-6 

57-4 


Acid 

value 

34-8 

17 - 0 

18 - 9 
20-0 


Setting-point 
of mixed 
fatty acids 

37 - 2 ° 

38 - 2 
36-2 

39 - 6 
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Tlie proportions of '"solid” and ""liquid” acids obtained from the mixf3d 
fatty acids of each fat in the preliiiiinaiy lead-salt separation are given in 

Table II- 

Table II. 



“Solid” 

acids 

“Liquid” acids 

Fat 

^ 

g- 

0,' 

/o 

g- 

% 

A 

14-3 

30-7 

32-3 

69-3 

B 

18-9 

33-9 

36*8 

66-1 

G 

9-7 

28*4 

24’0 

71-6 

D 

21-2 

35-3 

38-8 

64*7 


The details of the ester-fractionations are given in Table III. The last 
fraction in each case represents the residue left in the distillation bulb. In the 
distillations of the ""liquid” esters the residues, after saponification, are freed 
from iiiisaponifiable matter, and the equivalents and iodine values of the re- 
covered acids (free from iinsapoiiifiable) are re-determined in order to estimate 


Table III. Fractional distillation of methyl esters of the 
"\sohd” and ‘^ liquixF’ acids. 




“Solids” 



‘ Liquids ” 


No. 

g- 

Sap. Eq. 

I.V. 

g- 

Sap. Eq. 

LV. 




From fat A (“fat-free” diets). 


I 

3-04 

264-4 

3-2 

5-67 

268-9 

75-9 

2 

4-11 

269-8 

4-0 

4-49 

279-2 

85-1 

3 

3-54 

273-0 

5-9 

4-90 

285-7 

86*8 

4 

2-97 

282-0 

12-0 

5-52 

290-2 

87-8 

5 

— 

— 

— 

4-77 

294-0 

88-5 

6 

— 

— 

— 

3-40 

306-3 

88-7 


13-66 



28-75 

(296*6) 

(88-6) 



From fat B (mainly “fat-free” 

diets). 


1 

3-33 

264-8 

2-0 

4-41 

273-0 

75-5 

2 

3-15 

268-5 

2-5 

4-55 

282-4 

82-1 

3 

2-79 

269-1 

3-4 

4-38 

286-7 

84-2 

4 

3-86 

271-8 

4-2 

5-39 

292-3 

84-3 

5 

2-64 

281-5 

11-3 

4-82 

294-1 

85-6 

6 

— 

— 

— 

5-02 

296-3 

85-8 

7 

— 

— 

— 

4-04 

305-0 

89-3 


15-77 



32-61 

(296*7) 

(88-0) 



From fat C (2-15 

% cod-liver oil 

in diets). 


1 

2-60 

266-9 

1-7 

3*67 

276-5 

77-6 

2 

1-84 

269-1 

3-4 

3-80 

286-3 

88-4 

3 

2-35 

270-9 

4-7 

3-90 

290-3 

88-2 

4 

2-74 

281-0 

11-3 

3-84 

296-0 

95-7 

5 

— 

— 

— 

5-06 

300-5 

104-6 

6 

— 

— 

— 

3-95 

320-4 

155*8 


9^3 

— 

— 

24-22 

(314-0) 

(150*8) 



From fat D (2 % cod-liver oil in diets). 


1 

2-94 

266-2 

0-9 

12-12 

277-4 

80*8 

2 

3-70 

267-7 

1-9 

4-62 

288-0 

87*1 

3 

3-60 

269-6 

2-1 

4-52 

289-6 

87*4 

4 

4-83 

271-9 

3-6 

4-18 

295-6 

88*1 

5 

4-31 

280-3 

9-9 

4-66 

294-7 

88-S 

6 

— 


— 

6-12 

303-8 

93*9 


19-38 

— 

— 

36-22 

(295-5) 

(914) 


(Unsap.-free) 


(Uiisap.-free^) 


(Unsap.-free) 


(Unsap.-free) 
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the amount of unsaponifiable material present Tlif^ t_x • 

ID. terms of the correspondinff methvl psit^ra^ a 5 ■ ® obtained (stated 

(ofLpLTJSSTXlfssTlsTSb-TT 

mean equivalents of the satm-Sed maTerkl n V calculated 

tlmii that of methyl mwistate Thf^ fractions were much lower 

from fate ,hi.h wS~ 'T'™ 

although not to the same extent as in ft.p often exhibits this feature, 

fats now described harnofbeoome mstances; moreover, the rat 

planation lay in the presence of an unsaturatpH^^^-^^^^in^' alternative OxX- 
than oleic acid and, although the amount of mar*^- molecular weight 
sufficient to permit of n disposal was in- 

evidence was obtamed byhJdifyinv thTfra ^ indirect 

esters from fat D. ^ “oclitying the fractional distillation of the “liquid ” 

,^*1 f-‘ion fton 

nearly all the esters of lower moleculai wiSf^? * “ containing 

The amount (8-7 g.) not required for dirppt methyl oleate-linoleate). 

and oxidised withVotassium permano-anaSn dissolved in acetone 

esters into acidic products - the resirfi^al + ordeyo convert all unsaturated 
tothesameoxidatffinproe^f \fS ^e-submitted 

bined therem (after boilino- w,-+p T.ro+<, + . ^ ®cids corn- 

acids) were soM aid had I remove traces of nonoic, azelaic, efc., 

of myn-istic acid. After correctii^forS irWier than that 

product obtained from throxfSoi^ It tbe 

ester present in the original fraction (l-Me aTwST?™® f®^Sht of saturated 

also present was about 282 ■ calculated Treight of the uusaturated esters 

oleato and oleate-hnoto ’(of ^^“0 t«I>»it. 

the possible presence of 4-8 o- methvl mimifni ^ with 

linoleate in this fraction. ^ P^ftrftoloate and 6-0 g. methyl oleate- 

{8-5 %), oleic (53 %) andinJieic (2 °/Jacii’ "" (?) 

we.Toie“:iSy» STo rrrt r «t 

ester fractions^re inafe 

oleate-linoleate). The resulte are givei in Sblelv oleate (or 

acid o? W “ “”“‘"•'•0 

riti 

aoids ...urtc end 
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and we have not been able to detect the nrewn^o r.f • 1 ^ 1 

weight than myristic acid. ^ molecular 

Table IV Component fatty acids of rat body fats A, B G D 

i^^ssnming the presence of palmitoleic acid.) ’ ’ ’ 


Myristic acid 5 /‘o 

Palmitic acid 24 9 q'’^ ? 

Stearic acid *"3 __ 30 

Palmitoleic (?) acid g % “’f 2-5 

Oleic acid 50 p-' 8-5 

Linoleic acid 2 

^■'20-22 unsaturatecl acids* -1 ^ 2 

o'O , -, 

* III fat C the fractionation data clearly indicated thr. r t,- n 

o,t the C20 and C22 series in the highest- hoiliiW and residn^ffLrr highty-imsaturated acids 

amount was approximately caleiifated f ' 

have been encountered in pig body fat analyses [Bankfind HMiS^fo]" 


A 

B 

C j) 

■‘Fat-free” 

0/ 

/O 

D 

Mainly 

“fat-free” 

0/ 

..■0 

Ai X 

■ 2-15 % ^ 2 % 

cod-liyer oil eod-liyer oil 

' ^ /O 

24 

3 

28 

2 

5 4 

23 30 

8 

7 

2-5 2*5 

r, - 

58 

o 

58*5 

8-0 

51-5 53 


Table \ . Compojient fatty acids of rat body fats A, B C 
Assuming absence of any unsaturated acids of lower Lbon content 


Diet ... 


Mjaistic and lower saturated acids 

Palmitic acid 

Stearic acid 

Oleic acid 

Linoleic acid 

C2 o _22 unsatiirated acids 


“Fat-free’ 


B 

Mainly 

"fat-free” 


t tlimi C^g.) 
G 

2-lo o,/ 

*. 10 yQ 

cod-iiver oil 


Discussion. 

• understood, from what has already been said that the vilne« 

given for the amounts of oleic acid present depend upon whether a palmitoleic 
acid, or even some unsaturated acid of still lower molecular weight is also 
piesent ; the figures for oleic acid in Tables IV and V together repre.sent howeve?^ 
10 extieme possible limits. Apart from this uncertainty, a number of points 
of interest emerge from the analyses. iLimuor oi points 

eonfiri?ti?oblerrff'^^ »mw%/ai-/rce diets. The results amply 

inim the obseivations of the previous mvestigators, namely that rats re. 

ceivmg no linoleic acid in their fatty diet deposit reserve glycerides from which 
that acid is almost or completely absent. 

palmit?c^idni?n?'*r®®*® ns^especiaUy, however, is the relative amounts of 
^ ^ ^ yearic acid present in these fats as compared with the 

portion of naf '’ody fats of pigs, oxen and sheep. The pro- 

fu mn a ^ all cases : expreLed 

lattrbeinTrfo^-'’ the united amounts of palmitic and mjuistic acids (the 
a T- 1 ™ *^® ^®"^ ^ats he between 30 and 35 % 

a figure which is almost identical with that observed tliroughout a lar^e series 
of laids and tallows [cf. Banlis and Hilditch, 1931; 1932], The proportions of 

it aid oft i°“ contrary, strikingly different in the body fats of the 
of pigs, sheep and oxen. In the latter gi-oup stearic is definitely a major 
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component acid, occurring in widely varying amounts In the t-af i i r . 

weights of m 2ot®fS^fnaf components had mean molecular 

consisted a W eilSet o^ T'’ 

from the deT3ot fats of *rn‘ac! a ^ another difference 

Esi!Flx"ES‘sS^ T? 

1931; 1932]. ^ ^ mixed paimitosteariiis [Banks and Hilditch, 

5 ° oTcok Sif n 1 contained from 2 to 

c^Mn the presence of a 

SefS these the olive oil diets 

SSStSSlMsSS: 

If n l£m w! • cod-liver oil in the diets (about 5 % 

In ?he ca2 If the ni^T “^’^ked alteration in the body fef’ 

4 % of the diet [Effis ef al, I93l" ^ ^han 

uT ^ (from rats which had received a diet including only 2 V of 

unsaturated a^dfFL n perceptible amount of the higher 

slightly i.,c.-,a,ed Min, SeThS^ Tth^ 
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(Table III), but this was not accompanied by any perceptible increase in the 
equivalent (295*5) of these esters (after correcting for unsapoiiifiable matter). 
Ill this experiment, therefore, the characteristic cod-liver oil acids did not 

appear in the depot fat. 

The ‘perinephric fat of the {wild) rabbit. We are able to add some details as 
to the adipose tissue fat of another rodent, from an ester-fractionation anatysis 
(made in this laboratory some years ago by ]\ir J. R. Vickery) of the component 
fatty acids of the perinephric fat from "wild rabbits. This was a yellow- coloured, 
veiy iiiisatiirated fat, almost liquid at the ordinary temperature, with a saponifi- 
cation equivalent of 285*2 and an iodine value of 124*0. The component acids 
were made up of myristic (4*5 %), palmitic (23 %) and stearic (4 %) acids, the 
reoiainder (68*5 %) consisting of unsaturated ackis (apparently almost wliolly 
of the Cis series) with^a mean iodine value of 189*3, The latter acids yielded 
solid lie xabroiiio- addition products equivalent to a content of 9 % of liiioleiiic 
acid ill the total fatty acids ; it is thei^efore quite possible that the total amount 
of liiioleiiic acid in the mixed acids approached 15-20 % , since the yield of 
insoluble hexabromides ” usually corresponds with not more than about 50 % 
of the liiioleiiic acid present. 

Tiiis^ rabbit perinephric fat closely resembles the rat fats in its proportion 
of palmitic, stearic and mjnistic acids and in its general content of about 30 % 
saturated and 70 % uiisatiirated acids. It is also similar in its fully- saturated 
glyceride content, namely, about 6-7 % , almost wholly tripalniitin (the latter 
triglyceride was also obtained from rabbit- fat by fractional crystallisation by 
Klimoiit [1912]). The nature of the unsaturated acids in rat fats and in rabbit 
fats is, however, wholly dissimilar: whereas, in that of the rat, linoleic acid is 
practically absent, the rabbit fat described contained large amounts of this 
component (35—50 % of the mixed acids) and also appreciable quantities of 
liiioleiiic .acid. 

Summary. 

The body fat of the rat belongs to a group in which the component acids 
are made up of palmitic (25-30 %), myristic (4-5 %) and small amounts of 
stearic (2-3 %), the remainder (about 65-70 %) consisting cliieity of oleic acid, 
apparently with small quantities of a palmitoleic acid; linoleic acid is, however, 
almost entirely absent. 

When the diet of the animals includes cod-Hver oil, some of the liighly- 
uiisaturated acids of the C 20 and O 22 series may occur in the depot fats, but 
otherwise little modification occurs, and the proportion of linoleic acid is only 
slightly increased. 

The perinepliric fat of a wild rabbit contained similar amounts of mjuistic 
(4*5 %), palmitic (23 %) and stearic (4 %) acids, but the unsaturated acids 
(68*5 %) differed widely from those of the rat fats, linoleic acid being the main 
component, while considerable amounts of linolenic acid were also present. 

Fully- saturated components (almost wholly tripalmitiii) were present only 
ill small proportions in the body fats of either the rat (2-3 %) or the rabbit 
(6~7 %). 

There seem to be at least two well-defined groups of depot fats cliaracteristic 
of land {i.e, iion-aquatic) animals. 

(a) Fats with component fatty acids containing about 30-35 % saturated 
(usually 25-30 % palmitic) acids and for the rest unsaturated acids of varying 
type (oleic, Hnoleic, etc.). In these stearic acid is a minor component (not ex- 
ceeding about 5 %), and fully-saturated components are only present in small 

Biodiem. 1933 xxvii 87 


1382 


A. BANKS, T. P. HILDITCH AND E. C. JONES 


proportions and consist mainly of tripalmitin Tlie rodp-nf KaHtt ^ 0 + 

■" ST'' “j" 4 

a,i3 ^ ^ oomponent fatty acids made up of about 25^30 % palmitic 

iy^erMS^in^JLlr- ^2’ "■ Proportion of fuUy-saturated 

bouAoorof 25-30 ^ ‘ acid content remains in the neigh- 

bothgroupfifnote/orth; %> 


for rianf^ awSs 
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CLXXXVIL THE OXYTOCIC HORMONE OF THE 
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IV. THE ACTION OF PREPARATIONS OF ANIMAL PRO- 
TEOLYTIC ENZYMES, AND SOME OBSERVATIONS ON 
THE NATURE OF THE HORMONE. 
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AND THOMAS POTHERINGHAM MACRAEi. 
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In Part III of this series Gulland and Macrae [1933] described the action of 
preparations of some plant proteolytic enzymes on the oxytocic hormone. They 
showed that preparations of yeast dipeptidase, aminopolypeptidase and pro- 
teinase, and of papain, contained an inactivating enzyme which had its p-^ 
optimum at 7-4. This enzyme, which was not identified, reduced the oxytocic 
activity to 0-7 % of its initial value. 

In continuing the investigation of the action of proteolytic enzymes, atten- 
tion was then turned to those of animal origin. It was stated by Dudley [1919] 
and by Thorpe [1926] that pancreatic trypsin destroys the hormone. Dale and 
Dudley [1921] also recorded a destruction by intestinal erepsin. Preudenbercr 
et al. [1932] found that pepsin and erepsin did not attack the hormone but 
that it was destroyed by trypsin ^ and also by papain. No details of the nature 
of the erepsin used were given by these latter authors, but in view of the date 
of tlie investigation it may be presumed to have been more nearly eiizymically 
homogeneous than that of Dale and Dudley. 

Apparently on the basis of these results, Freudenberg and his collaborators 
concluded that the hormone has either a high molecular weight or is bound to 
a high-molecular carrier of the protein group. They also stated that the hormone 
is evidently of the same type as insulin. These views are in opposition to the 
conclusions of Smith and McClosky [1924] and of Kanim [1928] which were 
based on comparisons of rates of dialysis and on the relative permeability of 
the membranes used to the hormone, adrenaline and dyestuffs. Smith and 
McClosky observed that the diffusibility of the hormone was about the same 
as that of methylene blue, and Kamm suggested 600 as the molecular weight. 
He ^ also concluded that the oxytocic hormone is more complicated than adre- 
naline, but simpler than insulin or the parath3u:oid hormone. 

Unpublished experiments of our own on the pressure dialysis through 
pyroxylin thimbles of solutions of the hormone which had undergone a purifi- 
cation by charcoal adsorption [Gulland and Newton, 1932] led to the view that 
the hormone is probably not proteinoid in character. Consequently the destruc- 
tion of the hormone by trypsin preparations was probably not due to trypsin 

Lister Institute Hesearch. Student in Biochieixiistry. 

^ It is assumed that activated trypsin was intended, since Waidsehmidt-Leitz and Purr [1929] 
have shown that trypsinogen (unactivated trypsin) has no proteolytic activity. 
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the investigators mentioned above, but was the result of 

ZLr^dTTxSvTtrM - -- 

preparations, which was quoted by Preudeiiberg et ai!.T;i9S]Tn support^oTSle 

Tnan?- hormone, is hi fact due to another enzyme, ihich is not 

a papamase and has no action on gelatin. “ 

When this conclusion was investigated experimentaUy, it was found that 



P’g- 1- Pa-aotivity curve of inactivation by trypsin preparation. 

however, were obta,med with the same weight of an 11-year old Kahlbaum 
button of trypsm mder the same conditions; the hormone was mactivated 
but only very slowly. The possession of these widely different trypsin prepara- 
lons offered the opportumty of comparing directly their tryptioTcSS 
their power of mactivatmg the hormone, and thus of determining whether 
activated trypsm itself has any action on the hormone. 

of 2atS^bv'’JLTi*^ titration method the early stages of the hydrolysis 
of feOlatin by these enzyme preparations, it was shown (Table III) that the 

tS of th^KoTi? B.D.H. preparation was about 50 times stronger than 

that of the Kahlbaum preparation; by considering only the early stages of the 

-T P™ble to discount for practical purposes the effects dt 
to ereptic activity, which also was considerably higher in the B. D. H. preparation 
iwo parallel experiments under identical conditions were then carried out 
to compare the powers of mactivatmg the hormone of the B.D.H. trypsm pre- 

tion ortbe KahlbauiJ^repLa- 

^ activated trypsm is responsible for inactivating the hor- 
m<me, the inactivation m these two experiments should have been about the 
same. In actuai fact, however, the inactivation by the B.B.H. preparation was 
many times more rapid than by the Kahlbaum preparation (Mg. 2). Thus acti- 
trvnL*3®“ IS not responsible for the inactivation of the hormone by 
o.o%- caused by an enzyme with a optimum at 

8 8 (hig. 1). This enzyme is not identical with the inactivating enzyme of yeast 
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and papain (Part III), and it is improbable, though not quite excluded, that 
tli6y aro the plant and animal variants of the same type of eiizjT'me (identical 

substrates), because the enzyme of the trypsin preparation reduced the oxytocic 
value to 0-3 % (Table I) as compared with the value of 0-7 % in the experiments 
with the yeast-papain enzyme. As in the case of the activity remainino' after 
the action of the latter enzyme, our present opinion is that the residual activity 
of 0'3 % due to a derivative of the hormone produced by enzymic action 
It has thus been shown in this publication and in Part III thkt the apparent 
inactivation of the hormone by enzymes of which the characteristic substrates 
are proteins is not brought about by those enzymes themselves but by uniden- 
tified enzymes which accompany them. These facts seem to dispose of the 
contention that the hormone is proteinoid in character. 




Time (hours) 

^ ^Cfmparison of inactiYation by weights of Kahlbaum trypsin (J.) and 
B.D.H. trypsin (B) preparations having the same tryptic activity. 

From the same experiments it is apparent that the sole support for the view 
advanced by others that the hormone is peptide in character lies in the fact 
that the enzymes which inactivate it accompany proteolytic enzymes. We are 
not opposed to the conception that the hormone molecule contains pejjtide 
linkages, but at present there is no evidence on this point. 

Freudeiiberg et al. [1932] observed that pepsin did not attack the hormone. 
Presumably, although this is not stated, their experiments were made at or 
about the strongly acid optimum of pepsin. As the begmning of a general 
study of the effect on the hormone of the enzymes of animal tissues, a proteo- 
lytically potent specimen of pepsin was examined at pg- 4-4 and pg 7*2 for the 
presence of other enzymes which might attack the hormone. In neither case 
was any diminution in oxytocic strength observed. A bone phosphatase pre- 
paration also was tested at 7*8 and found to be quite inactive towards the 
hormone. 

From what has already been stated and from a general consideration of the 
problem, it is evident that a series of favourable results in a definite and some- 
what prolonged sequence of investigations is required for the complete experi- 
mental demonstration that any given enzyme does inactivate the hormone. In 
the proof that an enzyme does not inactivate the hormone, a part or even most 
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of this sequence may be omitted. Apart from haphazard guesswork the sue 
pstioii that a particular well-defined enz,yme inactivates the hormone must he. 

^ of facts observed in one or more of the following moVes 
of attack : from a ^ystematic examination of the effects of enzymes in -eimiS- 

t chemical groups as a result of the study of 

e action of chemical reagents; from the similarity of the j>H-activity curves 
of the inactivating enzyme acting on the hormone and of the suspected enzvinS 
acting on its ^oi^ substrate. The last-mentioned source suffers from^ the 
disadvantage that the shape and optimum of a ^g-activity curve may vary with 
of ™feftrate. The stages of the demonstration are tabulated telow 
(1) The discovery of the rate at which the hormone is inaotivateW hi- +i 
pre^r.t.on of a. emyme. and tho deterndnation of 

ni. of fhe action of the inactivating enzyme on the sub 

^ the dett 

examination of the action of an authentic preparation of the sus 

Td of V ! determination of the rate of action 

id of the p^-actiyity curve for comparison with those in (1). 

(4) Careful estimations of the activities of (a) an authentic preparation of 

f\“ r ” 

unuSi demonstration of equal inactivation of the hormone under the same 

conditions by weights of preparations of the suspected enzyme and inaotivatino- 
enzyme, vdiieli it is estimated would cause theCame deg?^ oolXa^ 
the suspected enzyme and inactivating enzyme were identical 

It was shown in Part II [Gulland, 1933] that two out of the three well flefine^ 

jn»t.v«.™s„ttheho™which<»c„^ 

^ inactivations and the conditions 

under which they occurred were not inconsistent with the view that the slower 
which required a large excess of the reagent, was due to the Siteraet^^^^^^ 

®'^®'“dine group, and that the more rapid was the result of 
ts mteraction with an amino- or basic imino-group. A preliminar7oonsider? 

Ze£" SS “LXllJ “> 

f„„ that of 

but definite, arginase activity, which was estimated by a rnodm^L 7^0 
rgiiiase-urease method of Edlbacher and Rothler [1925]. In accordance with 
t^ procedure outlined above for the examination of a suspected enzymr a 

[mbach^aid^RSVfq?-^^^ arginase was prepared from fresh l4er 

the B D H trvTAQin ’ arnounts of this arginase solution and of 

«« +^,i ; • ^ approximately twice as much inactivation of the hormone 

as the trypsin preparation-twice as much, rather than the same, 

attacking thcltr™ Tte lSln“ot V T" "“T 

prepaBattinwhich“J?L rmo“ " ^ 
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in order to enipliasise the result. When these enzymes were examined under 
identical conditions for their action on the hormone, the trypsin preparation 
reduced the activity’ to 7 % of its initial value in 30 minutes, whereas with the 
liver extract no inactivation was detectable after 4 hours. Thus the inactivating 
enzjune of the B. D. H. trypsin preparation is not arginase. The papam prepara- 
tion used in the earher experiments exhibited no arginase activity, and hence 
the hormone does not contain the group I, although the group II or another 
guanidine derivative is not excluded [Fehx et al, 1928; Edlbacher and Burchard 
1931]. 

^^)c-NH-{CILh-CH-CO- 

NH— COE NhR 

I II 

The shape and position of the optimum of the pjj-activity cm've of the 
inactivating enz 3 ^me of the yeast and papain preparations (Part III) closely 
resembled those (Fig. 3) of prolinase, of which the simplest substrate is prolyl- 
glycine [Grassmaim et al, 1932]; the substrates of this enzyme all contain the 



Fig. 3. ^Jg-activity curves of inactivating enzyme of yeast proteinase solutions (4) 
and of Grassmann’s prolinase (B). 

basic imino-group of proline. When the yeast dipeptidase, yeast proteinase and 
papain preparations used in Part III were tested for prolinase activity, all con- 
tained traces of this enzyme. It seemed probable that these amounts were too 
small for prolhiase to be the inactivator, hut, on the other hand, the affinity of 
the inactivating enzyme for the hormone is unknown and may be very great. 
The routine examination already described was therefore undertaken. A solution 
of prolinase, prepared from a neutral autolysate of yeast, contained more than 
50 times the prolhiase activity of the yeast proteinase solution. From this figure, 
a calculation was made of the amounts of the two enz^nnes needed to compare 
their power of inactivating the hormone; as before, however, only half the 
requisite amount of proteinase preparation was used, in order to emphasise the 
result. The enzyme of the proteinase solution reduced the oxytocic value to 
38 % ill 30 minutes, whereas with the yeast autolysate it had only become 90 % 
in that time, and after 4 hours was still 73 % . Thus, the inactivating enzyme of 
the yeast and papain preparations is not prolinase. 

The B.D.H. trypsin preparation contained moderate amounts of an enzyme 
which hydrolysed prolylglycine. The dependence of the activity of this enzyme 
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““ concentration resembled that of prolinase [Grassmann Pf al 
1932] in ha^g an optimum just below 8. It was therefore irnproSblftlm'; 

Experimental. 

e4erim»te *■ *“*"1“ '‘““'“'I ” P»rt HI w., adopted m the JS'ent 

Action of B.D.H. trypsin preparation at 7-o. 

^^c™one solution (2-0 cc., containing 156 oxvtoeio units per cc 1 If/q 
odium phosphate at p^ 7-5 (3 cc.) and a solution of B. D.H. trypsin preparation 
(lO mg m 2cc. of water) were mixed, and the mixture dduted To^STcf a? 

«tet.h.tli .nd’pW in a th.™« 

h«l n,e«t™e been placed in the them.„s«. In AXZpte rXX 

a -^appiopriate intervals, and finally all were diluted to 2*5 cc at n ^ ^ w'fl 

r:.r:ix:%z^cXinrdir„zzr^ 

SSZI” SSl L o“^e 

Table I. 


Time (hours) Q.5 

Activity present (%) 0-7 




Action of Kahlbaum/s trypsin at 

experiL^M°r?tS of the preceding 

Apeiiment, and tlie procedure was exactly the same (Table II). ^ ^ 


Time (hours) 
Activity present (%) 


Table II. 


Comparison of the action of B.D.H. and Kahlbaum trypsin preparations. 

activity. The proteolytic activities of the two preiiarations 

Zt nTa” iX” fiT titration in 90 •/„ alcohol trith /kah^gdZ 
phate Tufe at u 7? n 0 f sodium phos- 

parations « “£e) ZrdiZe^fo I"Z 'ZTrf tt wZT Td 

ZZrJX.‘'of hT’; ^ T] ? “™5e (i-o cIteXSy 

A/20 alcoholic KOH wbif + h ^ ^ mixture being titrated with 

at 40° and ^ mixtures were incubated 

Tt is f f t^cs stated in Table III. 

oftheTD ff mir ^ t) that the proteinase activity 

SepLatiou B, n “ than that of the Kahlbaum 

the hySdvsis the ^ mcreases in acidity in the early stages of 

Of th? wfSei^^^^ i B orlstim^ated. 

shown ^ f • ’ B-D.H. one is richer in ereptio activity: this is 
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Table III. 

The figures denote increases in acidity of 1 cc. portions of the reaction mixtures, expressed as 
00 . of A 72 O KOH. The weight of the enzyme preparation used is shown above each column. 


Kahlbaum trypsin prep. B. D. H. trypsin prep. 

(Deo. 1922) (jViay 1931 ) 

\ Time , — 


10 mg.* 

20 mg. 

100 mg. 

500 mg.t 

hours 

r 

1 mg. 

2 mg. 

10 mg. 

10 mg.'f 

— 

— 

— 

0-38 

i 

— 





0*38 

— 

— 

— 

0-68 

X 

— 

— 

0*65 

0-74 

— 

— 

0*38 

0‘76 

1 

0-23 

0-45 



0*96 

0-05 

— 

046 

— 

2 

040 

0*53 

— 

— 

— 

— 

— 

5 

— 



144 



0*15 

— 

— 

— 

5^ 






— 

— 

0-60 

— 

6“ 

0-82 

0*88 





— . 

047 

— 

— 

17 







— 

— 

— 

— 

20 





148 



0-52 

— 

— 

— 

23 







— 

0-51 

— 

— 

41 







0-60 

— 

— 

— 

47 

— 



— 



* The reaction mixture contained 1-0 ce. of Nj-2-5 ammonium chloride 
in addition to the other components. 


B. Inactivation of the hormone. Tbe experiments with both enzymes were 
made under identical conditions. A hormone solution (1-0 cc., containing 
156 units), Jf/3 sodium phosphate buffer at pg- 7-5 (1-5 cc.) and a solution of 
the enz 5 ^e preparation (125 mg. of Kahlbaum trjrpsm, or 2-5 mg. of B.D.H. 
trypsin) in w'ater (0-5 ce.) were mixed, adjusted to pg 7-5 with N ammonia 
and diluted to 5-0 cc. with water. The customary procedure was observed, the 
samples measuring 1-0 cc. and being taken at the same mtervals. The samples 
were assayed against their control samples, 0‘2 cc. in each case being diluted 
to 10 cc. at pg 1-6. The results are given in Table IV and Fig. 2. 


Table IV^ 


KaHbaTim prep.. Time 

activity present (%) hours 

86 I 

71 i 

59 2 


B.B.H. prep., 
activity present (%) 

19 

2-7 

0-6 


These results showed that the inactivation of the hormone was not caused 
by trypsin, assuming that the different rates of inactivation were not due to a 
more rapid destruction of the tr3rpsin in one preparation than in the other. It 
was shown that if destruction did occur, it was approximately equal in the case 
of both enzymes. At the end of the incubations the residual proteinase activity 
was determined as follows. Each enzyme-hormone-buffer mixture (1 cc.) was 
mixed with 10 % gelatin solution (3 cc.), and the mixture was adjusted to 
7*5, diluted to 5 cc. with water and incubated at 40°. The rate of lique- 
faction of the gelatin was then followed. After 1 hour the gelatin of both 
mixtures solidified with great difficulty when cooled under the tap, the times 
required for solidification being approximately the same. After 2 hours the 
gelatin of both experiments did not solidify. 


1390 


J. M. GULL AND AND T. F. MACRAE 


Effect of hydrogen ion concentration on the rate of inactivation of the hormone 
by the B.D.H. trypsin preparation. 

An aqueous solution of B.D.H. tiypsin {1-25 mg. in 0-25 cc.) was added to 

solution (0-5 cc., containing 156 units per cc.) 
and iH/3 sodium phosphate buffer at the required p„ {1-75 cc ). A control 
sample was immediate^ removed into a 2-5 cc. flask, heated for 3 minutes at 
100 and placed in the thermostat at 40°. The remainder of the solution was 
kept in the thermostat for 30 minutes, when a second sample was taken as 
described above. The pg of the remainder of the solution was determined and 
taken as the pjj of the experiment; determinations at pg- 9-3 and 10-2 were 
made with a hj^drogen electrode, the others eolorimetrically. 

The experimental solutions were assayed against the control solutions, 0-2 cc 

m each case bemg diluted to 10 cc. atpg 7-6. The results are given in Table V 

and Fig. 1. o 

Table V, 


Pk 

Inactivation (%) 


6-0 

26 


7-0 

67 


7*5 

82*5 


8-0 

90 


8-8 

95 


9-3 

92-5 


10-2 

81 


Action of B.D.H. pepsin preparation. 

itnt' ^ hormone solution (6-7 cc., containing 3 units per cc.), 

J4/3 sodium phosphate solution atpg 7-5 (1 cc.) and a solution of active B.D.H. 
pepsin (100 mg. in 2 ec. of water) were mixed and diluted to 10 cc. at p„ 7-2 
A control sample (2-0 cc.) was immediately removed, and other samples were 
taken at -g-? and 25 hours. The usual technique was followed. 

E. At Vk^-4- The procedure was exactly as described above, except that 
A acetate buffer was used. The pg of the mixture was 4-4. In both series of 
expmments the samples were assayed against the controls, 1 cc. being diluted 
to 10 cc. In no case could any inactivation be detected. 

Action of bone phosphatase. A hormone solution (0-25 cc., containing 312 units 
per cc.), i¥/5 sodium phosphate at p^ 7-8 (1 cc.) and a solution of a bone phos- 
phatase preparation (10 mg. of A/W = 0*23 [Martland and Robison, 19291) in 
water (1 cc.) were mixed and diluted to 5 cc. with water. The pjr was 7-8. The 
usual technique was followed, samples (1 cc.) being removed at I, U, and 

.hours and assayed against the control sample. No inactivation of the homioiie 
was detected. 

Consideration of the possibility that arginase inactivates the hormone. 

A. Estwiation of arginase in B.D.H. trypsin preparation. A solution of 

Mjlb glycine-sodium hydroxide buffer at 
cc.) and a 1 % d:-arginme solution (2 cc.) were mixed, and the mixture 
incubated for 1 hour at 40° and heated for 4 minutes 
^ ^ cf the mixture was then adjusted to 7, and a suspension of 

one powdered tablet of B.D.H. urease^ in if/3 phosphate buffer at pj. 7 (1 cc.) 
was added. The mixture, in a closed tube, was incubated at 40° for 1 hour, 
cooled and transferred to a micro-Kjeldahl apparatus containing saturated 
sodium carbonate solution (2 cc.) and some medicinal paraffin (to prevent 
Irothmg). bteam was passed into the apparatus in the usual way^ and the 

^ One tablet hydrolyses 50 mg. urea in 1 hour at 35°. 

2 This IS a modification of the method of Edlbacher and Rothler [1925]. They aspirated the 
ammonia from the warm solution, but we obtained inconsistent results owing to incomplete 
removal of ammonia. 
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distillate was collected in NJBO hydrochloric acid (10-0 cc.); after actual dis- 
tillation had proceeded for 3 minutes, the contents of the receiver were titrated 
to methyl red with Y/50 NaOH. Control experiments were also carried out 
following the same procedure, except that the trypsin-buffer- arginase mixture 
was heated for 4 minutes before incubation instead of afterwards. The experiments 
were repeated several times, and in all cases a small but definite arginase activity 
was detected. It was estimated that under the conditions of the experiment 
100 mg. of the trypsin preparation yielded 0-10--0-15 cc. of A/SO ammonia. 

B. Estimation of arginase activity in a 'p7'eparation from liver. The arginase 
content of a glycerol extract [Edibacher and Rothler, 1925] of guinea-pig liver 
was estimated as described above. The 1:3 glycerol extract (1 cc.) was diluted 
to 10 cc., and 0-2 and 04 cc. of the dilution used for the estimation (Table VI). 


Table VI. 


Diluted glycerol 
extract (cc.) 

0-2 

0-4 


Experiment 
cc. W/50 NaOH 

7-4S 

6*08 


Control 

cc. xY/50 NaOH 
9-69 
9*65 


Ammonia formed 
cc. A 75 O 

2*21 

3*57 


C. Comparison of hormonal inactivation by B.D.H. trypsin and arginase 
prepiarations , The two experiments followed the customary procedure of assaying 
experimental against control solutions and need not be described in detail. 
The volumes of the reaction solutions were 2-5 cc., the p^ values were 9*3, and 
the amounts of hormone used were comparable. In one experiment the B.D.H. 
trypsin preparation (1*25 mg.) was used, in the other a solution containing 
0*00004 cc. of the glycerol extract of guinea-pig liver. This solution thus con- 
tained about twice as much arginase activity as the amount of tr^^sin pre- 
paration used. The trypsin preparation effected 92*5 % of the possible inactiva- 
tion in I hour, whereas little or no inactivation (possibly as much as 10 %) 
occurred after 4 hours in the experiment with arginase solution. If arginase 
inactivated the hormone, the solution of the glycerol extract of arginase should 
have caused about twice as much inactivation as the trypsin preparation. It 
follows, therefore, that the inactivating enzyme of the trypsin preparation was 
not arginase. 

The B.D.H. papain preparation contained no arginase, nor did it exhibit 
any urease activity, which would have interfered with the arginase estimation. 
The inactivating enz3une of yeast and papain preparations is not arginase. 

Consideration of the possibility that prolinase inactivates the hormone. 

A. Estimation of prolinase in preparations of yeast proteolytic enzymes. Pro- 
linase activity wms measured by titrating the increased acidity of prolylglycine 
with alkali in 90 % alcohol [Grassmann et at., 1932]. d^-Protylglycine (40 mg.) 
was dissolved in ilf /3 phosphate buffer at yjg 7*5 (0*25 cc.) in a 2*5 cc. flask. 
All aqueous solution (1*5 cc.) of a yeast dipeptidase, yeast proteinase or B.D.H. 
papain preparation was added, and the mixture was diluted with water and 
alkali to 2*5 cc. at pjg- 7*5. The enzyme preparations were those used in Part III. 
A sample (0*5 cc.) was immediately removed into a flask containing absolute 
alcohol (4*5 cc.) and titrated to thymolphthalein with A/20 potassium hydroxide 
in 90 % alcohol. The remainder of the solution was incubated at 40°, and samples 
were taken at 4 and 23 hours. In the control experiment the enzyme solution 
was replaced water. The results are given in Table VII, and it will be seen 
that each enzj^me preparation contains traces of prolinase. 
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Table VII. 

The figures represent the degree of hydrolysis and are the increase in 
acidity of 0-5 co. samples quoted as co. XI20 alcoholic KOH. 

^ 0-00 0-01 0-02 


23 


0-00 


0-06 


0-04 


Proteinase 
0-5 cc. 
0-01 
0-02 


B l^eparation of a potent prolinase solution from yeast. •Rno-Hah brewer’^ 
yeast (i>0 g ) was liquefied with ethyl acetate (5 cc.) and allowed to StolvTfo^ 
1-0 hours at jjjj 6-o-7, ammonia being added to maintain the p„. The\east 
b centiifuged, washed and then allowed to autolvse at p„ 7-0 for 24 hours 
m presence of a few drops of toluene. Finally the yeast was centrifuged and 
the proiniase activity of the clear solution was estimated as described above 

(40 mg.) for 2 hours at 7-5 and 40° in a total voW 
1 (Coo Cc solution (0-5 cc.) caused an increase in the acidity of 

1-0 eu portions corresponding to 0-24 cc. of iV/20 KOH. The prolinase soktion 
X“r mote than 50 times the prolife .etieity of the pLtem.1 

of hwmonal inactivation by yeast proteinase and prolinase 
solutions. Hormone solutions (each containing 30 units) were mixed ei^er with 
the proteinase solution (0-25 cc.) or with an aqueous dilution i the yeast 
autolysate corresponding with 0-007 cc. of this auLysate; the experimen/with 

yeast autotysate. The mixtures were diluted to 2-5 cc. at n 7-0 befua b„fF i 
sodium phosphate, and were incubated at 40°. The usual procedSt 
followed samples bemg removed immediately and after 30 mkutes- a 
sample from the yeast autolysate experiment was also taken after 4 hours ’in 
the proteinase experiment 38 % of the initial oxytocic activity remaked after 
0 minutes, whereas _m the yeast autolysate experiment more than 90 °/ was 

e™ S thfvlKd remained. The inactivating 

enz^e ot the yeast and papam preparations is therefore not prolinase. 

iA(\rCr.T -Mio preparation on prolylglycine. dZ-Prolylglyeine 

■ i’ buffer at the appropriate reaction (0-25 cc ) was 

r^r (25ms.) ta iate 

Uir" 

Table WII. 

The figures represent increases in acidity in terms of Nj2,0 KOH. 


Experiment 

Control 

Due to prolinase 


6-0 

016 

0-06 

0-10 


7*0 

0-27 

0-07 

0*20 


8-0 

0-44 

0-12 

0-32 


9*0 

0-29 

0-16 

0-13 


determining the end-points increased the experi- 
mental erroi of these results. It is evident however that the optimum of 
the prolmase IS considerably less akaline than p^ 9 and probably less than 
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ilii experiment similar to that described above was carried out with the 
Kalilbaiim trj^siii preparation (125 mg. in 2«5 cc.) at 7-2. No increase in 
acidity was observed after iiiciibatioii for 2 '5 hours. This preparation ^ therefore^ 
did not contain prolinase. 

Summary. 

L A B.D.H. trypsin preparation inactivated the liormone veiy rapidly at 
Ph 7»5, the optimum of the inactivation being 8*8. 

2. Under similar conditions a Kahibaiiiii trjT'psiii preparation inactivated 
the hormone extremely slowly. 

3. Experiments in which quantities of these preparations having equal 
tryptic activities acted on the hormone showed that, contrary to existing con- 
elusions, the inactivating enzyme was not trypsin. This result conjoined to the 
earlier proof that the inactivating enzyme of papain preparations is not a 
papainase, affords strong evidence against the contention that the liormone is 
proteiiioid. 

4. Ill attempts to identify the inactivating enzyme of yeast and papain 
preparations and also that of the B.D.H. trypsin preparation, it was shown 
that neither arginase nor prolinase inactivates the hormone. 

5. No evidence is yet available to support the view that the hormone 
contains peptide linkages. 

6. The liormone was not attacked by a B. B. H. pepsin preparation at 44 

or at ^ bone phosphatase preparation at p-^ 7*8, 

Our thanks are due to Messrs Boots Pure Drug Company, Nottingham, 
who generously presented the posterior lobe powder used in this work. 

•if 
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CLXXXVni. THE QUANTITATIVE EXTRACTION 
OF HISTAMINE FROM TISSUES BY 
ELECTRODIALYSIS. 

By ROBERT GORDON MACGREGOR 
AND WILLIAM VEALE THORPE. 

From the Department of Physiology , The University of Birmingham, 

{Received July 12th, 1933.) 

Duking an investigation involving a large number of liistamine assays, it 
occurred to us that the chemical manipulation could be greatly simplified if 
the base could be extracted by electrodialysis. A further advantage of the 
method would be the elimination of all but basic substances of low molecular 
weight from the extract. In the method we had been usuig [Best et al 19271 
the tissue is extracted with 96 % alcohol for 24 hours, the alcohol removed and 
the meat re-extracted with 60 % alcohol for a further 24 hours. The combined 
extracts are concentrated in vacuo and fat removed by extraction with ether 
The extracts so prepared were usually yellow and often slightly cloudv, although 
free from biuret products. ^ 

By electrodialysis in a three compartment cell a water- clear colourless extract 
IS obtained in less than 2 hours after receipt of the tissue: this means a great 
savmg of time when many samples have to be worked up. In a large number 
of experiments during the last 3 years we have never found an electrodialysate 
giving a smaller histamine value than an equivalent dose of an extract prepared 
by the alcohol method. (The histamine value of the extracts was obtained by 
matching against a standard of pure histamine on the blood pressure of aii 
anaesthetised cat.) Eurther, histamine added to blood, which contains no hista- 
mine, has been repeatedly extracted without loss. Histamine added to tissues 
which contain histamine has also been recovered without detectable loss. 

The process of electrodialysis does not subject the tissues in the middle 
compartment to any drastic conditions. The temperature does not rise above 40°, 
and there is no great change in the p^ of the liquid in the middle compartment! 
ihe method therefore supports the alcohol method not only quantitatively but 
also in the suggestion that the histamine in the tissues is, if not free, very loosely 
combined. 

On a few occasions we have also extracted a portion of the tissue by the 
Sest and McHenry [1930], in which the tissue is heated 
VO h 10^ /q HCl at 95^ for 1 hour and then evaporated to dryness in vacuo i 

alcohol is added and distilled off to remove some of the acid, and the residue is 
taken up in water, neutralised and filtered. These extracts, which are clear but 
dark bro'tm in colour, usuaUy give a value about 30 % higher than extracts 
prepared by either of the above methods. In view of the agreement between 
the alcohol and dialysis methods and our quantitative recovery of added hista- 

significant that extracts prepared by the Best 
and McHenry method give a strong biuret and several other protein reactions 
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not given by tbe alcohol extracts or electrodialysates of the same tissue; espe- 
cially since we have observed an increased histamine value when a membrane 
passed biuret products. 

It might be argued that the lower value obtained by the dial 5 rsis is due to 
loss of histamine by aiitolysis^[Best, 1929] in the dialysis cell, whilst the lower 
value by the alcohol method is due to incomplete extraction. Apart from the 
coincidence of the errors, it should be noted that the time for which the tissue 
is in the region of 37 rarely exceeds half an hour. This short time would not 
be sufficient, judging from Best’s curve, to cause any perceptible loss in Msta- 
miiie. Again, Best et al, [1927] were unable to detect any difference in the 
Mstamiiie content of a dog’s lungs worked up immediately after removal from 
the animal or after keeping 2 hours; and MacGregor and Peat [1931] found no 
change in the Mstamiiie in a lung mince which had stood overnight. 

Expeeimental. 

Description of apparatus. 

Cells, The cells used for these experiments were, with one exception, made 
from wood to the pattern of those of Foster and Schmidt [1923]. Small cells 
of 100 cc. capacity in each compartment were carved from solid Hocks of well- 
seasoned beech or Oregon pine. Larger cells of 250 cc. capacity (Foster and 
Schmidt size) were built up from pieces of thick wood. The wood was well 
impregnated with high-melting paraffin wax. The waxing is of some importance 
since a badly waxed cell often gives up during dialysis an alkali-soluble substance 
giving a strong Pauly reaction. This substance is insoluble in neutral or acid 
solution. Still larger cells used in some of the preliminary experiments were 
made from three glass museum jars, faces 7" x5-|-", with 3-|" holes cut in the 
appropriate faces. The capacity of each compartment varied from 600 cc. to 
1500 cc. according to the width of the jars used. For the wooden cells the 
gaskets were made of ordinary red rubber sheet thick. Owing to their 
fragility the glass cells required special soft rubber gaskets |" thick. These were 
specially made for us by Messrs C. Macintosh and Co., Ltd., Manchester. 

Electrodes. The cathodes were made from pure nickel sheet slightly smaller 
than the cross section of the cell. The anodes were made from one or two 
6 " X 2" X carbon plates according to the size of the cell. 

Membranes. In the experiments with lung and blood ordinary parchment 
dialysing-paper or cellophane sheets were found quite satisfactory. With liver 
and heart, especially the former, these membranes passed traces of “biuret” 
products, and the dialysates gave histamine values perceptibly higher than those 
obtained from the corresponding alcohol extracts. The passage of such sub- 
stances is prevented by using cathode membranes of collodion. We found it 
simpler to make sacs by the inside tube method in 10'" x 1-|" test-tubes than 
to make sheets direct by the plate or mercury method. The sacs were then cut 
up into sheets and kept in distilled water until required. 14 % pyroxylin in 
equal parts (by w^eight) of ether and absolute alcohol [Walpole, 1915] gave 
sufficient^ robust membranes. 

Stirring. The liquid in the middle compartment was kept stirred meohanically 
to prevent any local aggregation of mmce. Some tissues, especially heart muscle, 
tend to form a layer on the cathode membrane which increases somewhat the 
electrical resistance of the cell and thus slightly increases the time required for 
dialysis. This layer was broken up from time to time by a glass rod. 
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Current. The cell was connected to 230 volt D.C. mai ns in series with a re- 
sistance of a bank of 4 carbon filament lamps in parallel. Each lamp passed 
about 1 amp. and could be switched into or out of the circuit as required. For 
the smaller cells 2 or 3 lamps were generally sufficient. The mean consumption 
of the 100 cc. cells was about 50 watt-hours, and of the 250 cc. cell about 
120 watt-lioiirs. 

Te'jnperature. The ^ temperature was kept down by providing each compart- 
ment with glass coolmg coils supplied with a rapid stream of cold water. In 
this wa 3 r the temperature even in the smallest cell could be kept below 40^ 
when the current passing was 1 amp. The temperature only reached this value 
while a heavy current was passing. This rarely occurred for more than half an 
hour. A typical curve showing the current and temperature cliaiiP’es is mveii 
in Fig. 1 . ■ ® ® 

Ph The pg- change^in the middle co.mpartmeiit was not sufficient to warrant 
alteration, e.g. addition of baryta. With tissues, the pg in the middle com- 
partment, which is initially just above 7, usually falls to about 4-6. We have 
never observed a pg more acid than this. With blood, the pg does not iisuallv 
fall below 6. 

Ihnd-point. Theoretically, when the resistance of the cell has attained a steady 
value and the titratable alkalinity is constant, all the histamine should have 
passed to the cathode chamber. In view, however, of the difficulty of accurate 
current measurement without special instruments and the minute amount of 
histamine present relative to other electroi 3 ?i}es, we found it more reliable to 
use the Pauly reaction as an indication of the completion of the dialysis. 
Samples were withdrawn from the cathode chamber at 15 minute intervals until 
two successive samples gave the same colour. For this purpose we have adapted 
Gebaiier-Flilnegg’s [1930] modification of the reaction as a quantitative method. 

1 cc. of test solution is mixed with 1 cc. W/2 NagCOg and to this are added 2 cc! 
of fresh diazo-reagent prepared by mixing 1 cc. of 0*125 % p-nitraniliiie in 
A/10 HCl with 1 cc. 0*37 % ]N'aN02. The colour gradually deepens and then 
fades, finally becoming cloudy. The maximum colour intensity, which usually 
appears in about 1 minute, is recorded in red and yellow units in a Eosenheim 
and Schuster [1927] colorimeter. Concentrations from 1/33,000 to 1/300,000 
can be read off directly without dilution. Plotting colorimeter red units against 
histamine concentration gives an approximate straight line over this range. 
The method gives consistent results and for our purpose is quicker and more 
convenient than the Koessler and Hanke [1919] method which we used in our 
early experiments. But it must be stressed that this, like other adaptations 
of the Pauly reaction, is not specific for histamine and cannot be used 
for the estimation of the base in tissue extracts. In every case our Pauly 
values have been higher than would be expected from the blood pressure 
assay. The reaction could be used as an indicator for the extraction from 
tissues of anjr alkali-stable base which passes to the cathode with the same ease 
as histamine. 

Since the convenience of this end-point depends upon the use of a Eosenheim 
and Schuster colorimeter, we have studied the current relations throughout the 
experiments with a view to givmg an alternative method for determination of 
the end-point. Measurements of the voltage across the cell and amperage of 
the circuit were noted every 15 minutes. Prom the area of a w^att-time curve 
dmym from these data the total consumption in watts was obtained. In 60 ex- 
periments with 4 different cells we have found the ratio WTjad to be approxi- 
mately constant for a given tissue. T is the time taken to attain a constant 
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Pauly value, a tlie area of the cathode in cm. and d the distance in ciii. of the 
cathode from the centre of the middle compartment. The mean values of this 
ratio are given in TaMe I. (In only 5 cases were the values more than ±0-1 
Iroiii the mean.) -As would be expected these values are roughly proportional 
to the mean values for the titratable allvalinity of the cathode liquids. The latter 
values, expressed as cc. iV acid per 100 cc. of dialysate, and the weight of tissue 
corresponding to this volume are also included in the table. 

Table I. 


Tissue 

ITT 

Titratable 

alkalinity 

Weight of 
tissue 

.Nuiiiber of 

cut 

cc. N acid 

s. 

experinients. 

Blood 

0*63 

3-9 

30 

15 

'Heart -muscle 

0-49^= 

2-6 

20 

18 

Live:r 

0-43 

2-6 

20 

11 

Lung 

0-53 

3-3 

20 

16 


’ This value is probably relatively high, since with heart- miiscie there was a much greater 
aeciiiiiulation of tissue on the cathode membrane than with any other tissues exajiiined. 

Since we had no uidicatioii in any experiment that prolonging the dialysis 
caused any loss of histamine, it should be safe to assume the complete passage 
of any equally stable and dialysable base when sufficient current has been 
passed to satisfy the equation lfT/ad = 0-6 for the tissues or IFT/WI-O-T for 
blood. 

Method, 

The cell having been assembled, the cathode and anode compartments are 
filled to capacity, say 2o0 cc., with distilled water. The middle compartment is 
filled with 200 cc. distilled water and oO g. of the minced tissue. It is not 
necessary to add an electrolyte to the distilled water. After turning on the 
cooling water and starting the stirrer, the current is switched on. If the small 
cells are used, the current and temperature in the middle compartment, which 
rise rapidly at first, fall after about 1 hour. The end-point is then determined 
as already described (p. 1396). The cathode liquid is then removed and the 
chamber washed out. The combined liquid and washings after neutralisation 
with A H 2 SO 4 and adjustment to appropriate volume are ready for the physio- 
logical assay. 

Physiological assay. The extracts ’were compared as to their depressor effect 
when injected into the femoral vein of an anaesthetised cat. At least two definite 
matches were obtained before the pahs of extracts were recorded as ecpiaL 
Histamine values were obtained by matching against a standard histamine 
solution [Best ei al., 1927 ; Burn, 1928]. The cats were anaesthetised with 
mediiial (042 g. per kg. body weight) after induction with ether. 


Results. 

Comparison of alcohol and electrodialysis methods. Three histamine -containing 
tissues were examined. In all the experiments the tissue was minced and well 
mixed. Samples were then worked up by the dialysis method and the alcohol 
method and assayed physiologically. There was no detectable difference. These 
experiments are summarised in Table II, which also, shows the extreme liistanihie 
values for each tissue. 
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Table II. 


Extreme liistaniine 



Humber of 

values in iiig. 

Tissue 

Source 

experiments 

per kg. 

Heart (ventricular muscle) 

Ox 

8 

8-25 

Liver 

Dog 

2 

13-40 


Ox 

2 

10-20 


Pig 

2 

13 


Sheep 

3 

2-5-6 

Lung 

Dog 

3 

10-13 


Ox 

11 

30—60 


In the case of the liver which contains choline, the diatysates and the alcohol 
extracts were eqiiidepressor both before and after injection of atropine into the 
cat, indicating, as would be expected, that choline passes to the cathode like 
histamine. 



Fig. 1 . Electrodiaiysis of 20 g. lung in 100 co. cell. 

X X Histamine Tallies of cathode liquid. 

0 0 Pauly values of cathode liquid. 

A Titratable alkalinity values of cathode liquid. 

^ ^ Temperature of mixture in centre compartiiieiit. 

j {_ Watt values. 

Reliability of end-point. In nine experiments samples were withdrawn at 
15 minute intervals, neutralised and injected into an anaesthetised cat. The 
results from one of these experiments are shown in Fig. 1. Similar curves were 
obtained in the other experiments. They showed that; 

1. The Pauty value never attained a maximum before the liistaniine con- 
centration. 

2. The titratable alkalinity value usually reached a maximum before the 
histamine concentration. 

3. The current usually but not always reached a minimum after the hista- 
mine concentration became maximum. 

Thus the Pauly reaction was the only reliable method of the three for deter- 
mining the end-point. 

Recovery of added histamine, 

1. From histamine-free material. A known volume of histamine solution was 
added to a 30 % blood solution and electrodialysed. The same volume of hista- 
mine was added to an appropriate volume of water. The dialysate was then 
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concentrated in vacua to this voliinie, and the two solutions were sterilised and 
preserved until compared on the cat s blood pressure. The amounts of histamine 
added were such as to give a similar concentration in the cell to that given, 
when a tissue was _ being dialysed, 2, 1 or 0*5 mg. were' added to the 250 cc. 
cell and 0*8, 0*4 or 0*2 mg. to the 100 cc. cell. These amounts correspond to 
tissues containing 40, 20 and 10 mg. /kg. respectively. In nine experiments the 
base was recovered iq_uaiititatively so far as could be detected by the physio- 
logical assay. It has already been stated in a preliminary communication 
[MacGregor and Thorpe, 1933] that a large amount of histamine (0*06 g.) added 
to blood was easily recovered in the form of its picrate in good yield. 

2 . Ftom tissues containing Iiistaniinc. Failure to recover completely hista- 
mine wliicli lias been added to tissues has often been reported. These experiments 
have been carried out by adding histamine to one portion of the tissue and 
working up another portion without added histamine. The difference between 
the two extracts is then estimated by matching them against a standard hista- 
mine solution on the cat’s blood pressure, and hence the amoiiiit of added 
histamine is calculated. The metliod, especially when the differences are great, 
is liable to big errors owing to the large multiples involved in the calculations. 
Ill our experience the stronger solutions tend to be underestimated. Being of 
the opinion that this was largely responsible for the failures to recover added 
histamine, w^e planned our experiments so as to use eqiiipotent solutions and 
to eliminate all calculations. 

A known volume of a histamine solution was added to a portion of the tissue 
and the mixture dialysed. An equal portion of the same tissue ivas dialysed in 
another cell and the same volume of histamine added to the dialysate after 
removal from the cell. The two dialysates w^ere then neutralised, adjusted to 
the same volumes and equal doses compared on the cat’s blood pressure. In 
five experiments no difference could be detected between the two solutions. 
The liistamiiie had been recovered quantitatively within the limits of the 
physiological assay. 

Summary. 

1. A rapid, method for the quantitative extraction of histamine from tissues 
by electrodialysis is described. 

2. The method gives results in complete agreement with the alcohol method. 

3. Added liistamiiie is recovered quantitatively within the limits of the 
physiological assay. 
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The fat content of both cow’s and human milk is a subject on which iiiiich w'ork 
has been done, and though certain facts are now well established there is still no 
clear understanding of the circumstances which determine the normal rano-e 
of Yariation or knowledge of the conditions which determine these com|3ara- 
tively wide limits. In the course of our study on the composition of human 
milk in the early stages of lactation [Loweiifeld et al., 1927 ; 1928] it was noticed 
that the method of extraction of the milk sample had a considerable influence on 
the percentage of fat, although no other constituent was affected by this factor. 
Since this factor had not to our knowledge been investigated by any previous 
worker, it occurred to us that herein might He the probable explanation of the 
variations hi the fat percentage hitherto recorded. We deckled therefore to 
undertake a more intensive study of the fat content in human milk throughout 
the whole course of lactation, paying special attention to the method adopted for 
obtaining the milk sample. The present paper is a record of our results and the 
conclusions which they suggest. 

Methods of obtaining milk. 



The two methods used for obtaining the samples of milk (for convenience 
called the extraction ” of milk) throughout the ivork were either digital expres- 
sion or gentle use of the breast pump, and in every case where milk dripped from 
the breast a sample of this milk was also collected in addition to the other 
samples. 

These two methods were adopted after critical observation of the actual 
process of suckling by an infant. This process consists of two factors, the direct 
pressure exerted by the gums of the baby upon the nipple and the areola of the 
breast, and the suction action exercised by tongue and cheek drawing on the 
openings at the end of the nipple. Digital pressure and gentle suction from a 
pump used without pressure upon the breast represent the nearest approach 
which can be made artificially to reproduction of these two factors in the normal 
process. Systematic comparison made of the percentages of fat in samples of 
milk extracted by those two methods, under similar conditions, at once showed 
very marked diffei'ences. Indeed, the differences were so striking that we have 
come to the conclusion that in the method of extraction is to be found the chief 
explanation of the wide variations shown in fat figures obtained by different 
workers. 
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Matebial. 


Twenty hospital cases 'were used for investigation of the milk of the first 
fortnight of lactation, and a continuous study of the milk of the same mother 
tliroiighout this period was thus possible. 

Owing to irregularities in attendance at hospital or clinic, it w^as not possible 
to achieve the same continuity in the later period of lactation. Nevertheless, 
©very effort was made to examine the milk of the same woman over as many 
iiioiiths as possible. By a combination of the figures obtained from the two sets of 
investigations, material sufficient for a general survey of the problem of the fat 
percentage in milk under varying conditions and during the whole course of 
lactation has been obtained. 

The milk of 51 mothers was examined for the percentage of fat, protein, 
sugar, calcium, phosphorus and ash, and the results of this work, except for that 
on fat, have already been recorded [Lowenfold et ah, 1927 ; Widdows et ah, 1930]. 
The milk samples were obtained from nursing mothers in the lying-in wards of 
the Obstetric Unit of the Roj^al Free Hospital, from those attending the Shore- 
ditch Carnegie Welfare Settlement, and the Mother craft Training Society, 
Cromwell House, Highgate. 

Careful notes were taken of the mother and child so that all abnormal factors 
could be excluded . In every instance, except for ten cases, the baby was thriving 
satisfactorily. In these ten cases an attempt was made to determine the cause of 
the nutritional disturbance in the infants. 

To maintain uniformity of conditions the milk was always taken for analysis 
at the same feeding time, and the same interval was observed between the times 
of feeding. The importance of these factors had been sho'wn in the case of cows 
by Eckles and Shaw [1913] who state that the percentage of fat is u snail j?* 
highest about midday, and in a Bulletin recently issued by the Ministry of 
Agriculture and Fisheries [1931] instances are given from the work of Gilchrist 
[1925] and Mackintosh [1925] fully confirming this diurnal variation. In the 
case of human milk, Helbich [1911] showed the highest percentage to be at 
10 a.m. or 2 p.m., and more recently Deem [1931] has again emphasised this, 
showing that the percentage of fat is at a maximum at 10 a.m., nearly the same 
at 2 p.m., and at a minimum at 6 a.m. 

In our work all the samples in the early days of lactation were taken at 
10.30 a.m. and during the later periods at 2 p.m. 

The taking of the sample, except in the case of the Mothercraft Training 
Society, was carried out bv one of us (M. F. L.) and the biochemical analysis by 
the other (S. T. W.). 

Every visit of each mother necessitated, as wnll appear later, at least four 
estimations of fat, and where miU^ dripped from the breast a sample of this 
dripped milk was also taken for estimation. In all, 276 samples taken before and 
after the baby had fed and 18 dripped samples were collected and analysed. 


Analytical methods. 


Gottlieb’s method was used for the estimation of the fat. 

To study the influence of the method of extraction on the fat content of the 
milk 216 samples were examined. These were obtained according to the following 
procedure. 

From one breast a sample sufficient for analysis was taken by liand,^ the 
amount varying from 2 to 30 cc. according to the average yield of the subject. 


. 11 ., 
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The baby was then allowed to feed from 2 to o minutes, and the breast was then 
finally emptied by hand, the total resultmg fluid being considered as the second 

1 10111 the other breast also a sample was taken before feeding, by hand - the 
baby was allowed to feed for the same length of time as before, and the final 
sample, which emptied the breast, was obtained by gentle use of the numn 

avoiding pressure upon the breast. ’ 

The use of the two different methods, keeping the other conditions constant 
enabled the bearing of each upon the fat percentage to be studied. On the one 
f extraction was employed, namely digital expression 

01 both the samples. On the other side digital expression was used in obtaining 
the first sample and suction by the breast pump for the last sample. 

Our previous work has shown that in normal cases the composition of the 
milk given by either breast is approximately the same. Assuming this to be 
generally the ease m all women, if the manner of extraction were immaterial 
even although the exact figures of the percentage might differ on either side a 
iise 111 the fat percentage on one side would be paralleled by a similar dem-ee of 
rise on the other. It is therefore the question of the relation of the method of 
extraction to the production of the degree of rise in the fat percentage between 
the begmiimg and end of a feed with which we are at present concerned 

Before considering our results, certain factors that occur during breast 
feedmg must be taken into consideration. Stimulation of one breast produces 

sid^f breast, and in certain women the breast of one 

side will begin to leak as soon as extraction starts from the other; loss of fore- 
milk thus occurs from the second side. Furthermore, the amount taken by the 
phy on each side is impossible of exact regulation. Thus, in spite of all care, the 
two samples taken from either side cannot be exactly equivalent. Apart from 
these discrepancies which were beyond our control, all other conditions were 
’ep uniform for the two sides. A study of the figures obtained shows that in 
very tew cases is there a general agreement in the degree of rise of fat on the two 
sides. Indeed it is apparent that the change of method from hand to pump for 
the last sample of the second sMe materiaUy affects the normal rise in the second 
sample oi the side under consideration. 

Experimental results and their analysis (Tables I, II and TIT ) 

In Table I (A, B and C) are given 25 illustrative instances representing 
2^ women, where the effect of extracting the samples by suction with a minimum 
degree of pressure upon the breast was either to lessen the expected rise in fat 
percentage of the second sample or actually to obliterate it. 

• .V I A It will be seen that there is an hicrease in the percentage of fat 

m the samples taken after the feed, whether extracted by hand or pump. This is 
in accordance with the findmgs of previous workers both in the case of cows’ milk 
Ls^ee Eckles and Shaw, 1913; Jensen, 1906; WeUniann, 1911; Min. Agrie. Fish., 

Adriance, 1897; Soldner, 1896; Schlossmann, 1900; 

1 JUw, Myeis, 192/]. We ourselves have found with regard to the individual feed 
tfiat m every case in which a single method of extraction was used throughout 
e a dng o fbe milk, whether it were breast pump, digital pressure, or a 
mechanical milker^, the later portion of the milk was richer in fat than the earlier. 
It is now an accepted fact that the strippings in any milk extraction show a 
higher percentage of fat than the middle or early mUk of the same extraction. 

^ Br Chisholm very kindly tested this method for us in Manchester. 
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Table I. 

(Tlie following abbreviations are used in the tables: L, left; E=, right; B, before feed; A, after 
feed; H, hand extraction; P, pump extraction; in, month; av, AA^eek.) 

Before feed 


After feed 


Brniiiction 
of ex- 




r- 

Method 



Method 

^ 

Rise 

pected % 
increase 

Case (age of 

Breast 

Volume 

of ex- 

%of 

Volume 

of ex- 

%of 

in% 

(after pump 

baby beloAv) 

in cc. 

traction 

fat 

in ctn 

A 

traction 

fat 

of fat 

extraction) 

1. (112) 

R 

7 

.H 

5'00 

15 

H 

8*88 

3*88 

2*42 

L 

7 

H 

3-79 

13 

P 

5*25 

1*46 

2. (R) 

L 

4-5 

H 

3-12 

3*3 

H 

9*18 

6*06 

3*34 

9 in 

B, 

4-5 

H 

4-69 

2*8 

P 

7*41 

2*72 

3. (S) 

R 

22 

h: 

0-73 

36 

H 

4*19 

3*46 

1*54 

7 111 

L 

15 

H 

3-00 

14 

P 

4*92 

1*92 

4. (T) 

R 

11 

H 

1-09 

12 

h; 

6*16 

5*07 

1*83 

5 \r 

L 

9-5 

h; 

4*52 

11 

p 

7*76 

3*24 

5. (Ga,) 

R 

IS 

H 

3*06 

23 

H . 

5*69 

2*63 

1*30 

3 AF 

L 

11 

,11 

4-22 

7 

p 

5*55 

1*33 

(Co) 

R 

11 

H 

3-74 

11 

H 

11*13 

7*39 

4*11 

5 m 3 A\’ 

R 

14 

H 

2-06 

5 

p 

5*34 

3*28 

7. (S,i) 

R 

9 

H 

3-97 

B 

10 

IT. 

8*73 

4*76 

0*64 

L 

13 

H 

5-58 

1*8 

P 

9*70 

4*12 

8. (S.ii) 

L 

7 

h; 

4*97 

15 

H 

6*42 

1*45 

0*08 

R 

28 

H 

4-13 

1*5 

P 

5*50 

1*37 

9. (J.i) 

R 

10 

H 

3-62 

5*5 

H 

8*40 

4*78 

2*63 

2 m 

.L 

22 

H 

2-60 

1 

P 

4*85 

2*25 

10. (J.ii) 

2 in 3 AA’ 

R 

L 

7-5 

2-3 

H 

H 

2-65 

2*60 

7*5 

1*4 

H 

P 

5*21 

3*64 

2*56 

1*04 

1*52 

11. (N. R.) 

R 

11 ' 

H 

5-07 

22 

H 

8*29 

3*22 

1-05 

3 111 

L 

14 

H 

5-64 

1*7 

P 

7*81 

2*17 

12. (Y) 

R 

11 

H 

4-61 

22 

H 

6*74 

2*13 

1*02 

5 AV 

L 

13 

H 

4-09 

5*5 

P 

5*20 

1*11 

13. (R.R.) 

L 

6*2 

H 

4-12 

12 ^ 

H 

6*92 

2*80 

1*21 

3 m 

R 

15 

H 

4-32 

5*5 

P 

5*91 

1*59 

14. (B) 

R 

8 

H 

1-26 

20 

H 

4*93 

3*67 

1*20 

L 

5*5 

H 

3*21 

2*8 

P 

5*68 

2*47 

15. (Cp) 

R 

6 

H 

2-40 

20 

H 

5*00 

2*60 

1*24 

3 ni 3 Av 

L 

11 

H 

4*08 

5 

P 

5*44 

1*36 

16. (Po) 

R 

9-5 

H 

1-28 

9 

H 

4*60 

3*32 

2*47 

7J m 

L 

6 

H 

4*48 

2*5 

P 

5*33 

0*85 

17. “(Sb) 

L 

10 

H 

2*29 

8*5 

H 

7*00 

4*71 

3*28 

R 

7 

H 

5*73 

2 

P 

7*16 

1*43 

18. (Ha) 

3 m 

R 

L 

16 

6 

H 

H 

4*73 

6*67 

C 

3 

3*5 

H 

P 

6*60 

6*69 

1*87 

0*02 

1*85 

19. (Bl) 

R 

4 

H 

1*71 

7*5 

H 

3*59 

1*88 

1*37 

L 

3-5 

H 

2*73 

3*5 

P 

3*24 

0*51 

20. (Kn) 

L 

5 

h: 

4*88 

11 

H 

8*76 

3*88 

3*40 

0 AA’ 

R 

11 

H 

7*62 

1 

P 

8*10 

0*48 

21. (H.i.) 

R 

7 

H 

3*07 

15 

H 

5*32 

2*25 

1*95 


L 

7 

H 

2*88 

13 

P 

3*18 

0*30 

22. (Co) 

L 

5 

H 

3*54 

6*5 

H 

6*30 

2*76 

2*72 

9 AA - 

R 

4 

.H 

2*12 

2*5 

P 

2*16 

0*04 

23. (Si) 

L 

7-3 

H 

1*66 

26 

H 

4*70 

3*04 

2*59 

2 in 2 AA" 

R 

6 

H 

6*49 

10 

P 

6*94 

0*45 

24. (C4) 

L 

5*5 

H 

2*24 

15 

H 

4*49 

2*25 

1*98 

7 AA^ 

R 

4 

H 

i*r3o 

7*5 

P 

3*27 

0*27 

25, (Ra) 

R 

13 

H 

2*01 

9 

H 

4*91 

2*90 

2*60 

3 m ■ 

■ L 

12 

H 

5*20 

3*5 

P 

5*50 

0*30 


As the patient had only one breast, the figures Avere taken on twro different occasions, very 
close together, from the remaining breast. 
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Volumes. In eases 1, 2 and 4, the volumes of the samples are approximatelv 
equal In o and 6 the question of the volumes falls into a grouping to be con 
sidered later. In each case the sample taken by pump contains less of the middle 

milk tliaii tliat taken by hand. 

On careful examination, however, the extent of the rise in fat will be found 
to be much less on the side where the final extraction was made by pumn than 

that on the side taken by hand. 

Table I B shows 1 1 eases where the volume obtained in the sample extracted 
by pump in the after-feed is very much smaller than that of the sample obtained 
by hand, indeed, in many eases the pump sample may be considered to consist 
ot strippings only In spite of this fact, it will be found that the rise to be expected 
in le after-sample, and shown definitely in that taken by hand, is reduced To 
this table should be added cases 5 and 6 (Table I A) already referred to. ' 

In the case of the 8 women whose samples of milk are shown in Table I C the 

compared with 

that oi the sample taken by hand before the feed, shows so small a rise (0-02 to 
o /o) as to represent, within the limits of experimental error, practicallv 
stationary values ; although on the other side at the same feed, the samples taken 

tent rise from 1-87 to 3-88 % over that taken by the 

sd/iiie. nietliod before the feed on that side. 

7 the process was carried even further, as wiU be seen in the 

for r ""^though On the side where hand extraction was used 

toi both the fore- and after-samples, the normal and expected rise in the fat 


Table II. 


Before feed 


After feed 


26. 

27. 

28. 

29. 

30. 
3.1. 
32. 


Case 

(La) 

(Va) 

(0. P.) 

(Fo) 

(Sill) 

(Ba) 

(Wi)^^ 


Breast 

R 

L 

R 

L 

L 

R 

L 

R 

L 

R 

L 

R 

L 

R 


Volume 
in ce. 

5-3 

6*5 

8 

7 

7*5 

12 

10 

15 

4*5 

3 

4-0 

5 

9-7 

9*5 


Method 
of ex- 
traction 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

.H 


% of 
fat 
1-86 

3- 16 

5- 83 

4- 91 
1*78 
7-264 
4-Si 
4-16 

1- 19 
3-27 
0-64 
3-16 

2- 85 

6- 26 


Volume 
in Gc. 

12 

5- 0 

6- 5 
3-5 

36 

4 

7- 5 
15 

6 

5-5 

11 

2-5 

11 

11 


Method 
of ex- 
traction 

H 

P 

h; 

P 

h: 

p 

H 

p 

H 

P 

b: 

p 

H 

p 


% of 

fat 

4-23 

3- 13 
9-87 

4- 40 

5- 28 
7-12 
9-80 
2-13 
4-36 
2-14 
2-33 
2-96 

4- 02 

5- 89 


Rise or 
fall in % 
of fat 

2- 37 
-0-03 

4-04 
™ 0-51 

3- 50 
-0-14 

4- 99 
- 2-03 

3-17 

-M3 

1-69 

- 0-20 

1-17 
M-37 


n. 4-1' a very marked differenee in % of fat in “ before feed” samnles 

in the two breasts, probably due to feeding habitually from one breast only. ^ 

percentage of the after-sample occurred, the rise ranging .from M7 to 4-99 %; 
on the other side where hand and pump were used for extraction, not only did no 
I ise occur, but the percentage of fat in the after specimen was actually lower than 
that 111 the one taken before the feed. 

usual in dealmg with the human organism, the expected does not in- 
variably occur, and we have had a few cases in which extraction by pump has 
not attected the percentage of fat in the sample taken after the feed in the manner 
to be expected. In Table III are given five such cases. 
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Table III. 





Before feed 



After feed 






Method 


r 

Method 





V oliime 

of ex- 

O, 

/O 

Volume 

of ex- 

%of 

fat 

Rise in 

Case 

Breast 

in cc. 

traction 

fat 

in cc. 

traction 

of fat 

33. (Hy) 

;r 

8 

H 

3-59 

17 

H 

5-02 

143 

L 

12 

H 

2-62 

5‘5 

P 

4*09 

147 

34. (So) 

L 

7-5 

H 

2-69 

15 

H 

3-62 

0-93 

R 

4 

H 

3-30 

8 

P 

4-34 

1-04 

35. (Gt) 

R 

2-0 

H 

3-70 

9 

H 

6-99 

3*29 

L 

10 

H 

3*32 

6 

P 

6*68 

3-36 

36. (Ho) 

R 

15 

H 

2-50 

13 

H 

447 

1’67 

L 

7-5 

H 

2-70 

7-5 

P 

5-00 

2-30 

37. (Yt) 

R 

6 

H 

4-70 

20 

H 

5-09 

0-39 

L 

10 

H 

242 

14 

P 

4*28 

1-86 


Altlioiigli tlie influence of the method of extraction upon the percentage of 
fat was shown unmistakably in all but the above cases, yet it is discernible even 
ill these. In all except 35, it will be noted that the volumes after extraction by 
pump are considerably smaller than those taken by hand. In view of this fact, 
it would be expected that the normal rise shown by any method of extraction 
would be greater between a sample taken before feeding, of volume 12 cc., and a 
sample taken after feeding of volume 5*5 cc., than in a sample of 8 cc., before and 
a sample of 17 cc. after feeding. Nevertheless the actual rise in the former case 
is practically the same as in the latter. Indeed in cases 33, 34 and 35 the rise on 
both sides, within the limits of experimental error, is equal. In cases 36 and 37 
we present the only cases found in our total series in which the percentage of fat 
in the after-sample taken by pump is significantly greater than in the sample 
taken b}^ hand. It will be noted that the volumes of the after-samples in extrac- 
tion by pump are considerably smaller in both cases than those taken by hand. 

Deduction from above experimental data. 

As has been pointed out already, the normal action of a baby feeding upon a 
breast can be analysed into two factors: pressure and suction; and it would 
appear from a stud};" of the preceding tables that the pressure is the important 
factor in the production of a high percentage of fat. The greater the pressure 
apparently the steeper will be the rise in the fat percentage. Suction employed 
alone, on the other hand, tends to lower the percentage of fat. The larger, there- 
fore, the element of suction in the act of extraction, the smaller apparently will 
be the ultimate rise in the fat percentage. 

As will be indicated later, there appears to be an inverse ratio between the 
volume of milk in the breast at any time during any one feed and the percentage 
of fat in the sample. The larger the quantity of milk at any moment, the lower 
the percentage of fat in that milk — the smaller the quantity of milk, the higher 
the fat content. In the experiments just described, these factors have been 
arranged so that they act in opposition to each other. 

It is suggested that the following conclusion may be formulated from these 
data. 

Ill any given sample of milk, other factors being equal, the percentage of fat 
present will depend inversely upon the quantity of niillv present in the breast at 
the time of taking the sample, and directly upon the degree of pressure exerted 
upon the areola and nipple in the process of extraction. - 
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4 then milli which has dripped from a breast, that is to s-i’s- 

■w iich has been extruded in answer to conditions within the gland and not bv am’ 
means of extraction from without, should theoreticallv give the lowest ner 
centage of fat of all, and this is exactly what occurs. " ^ 


Expebimental results ok dripped milk. 

Table IV shows the relation of the percentage of fat in milk which has drinned 
tlw n extracted by other means. In every case it will be seen\hat 

tion whet?'^ 1 “V*® percentage than that obtained by extrar- 

tion, ^\.iietiier by pump or band. 

Table IV. 


b. f., before feeding; a. f., after feeding; D, dripped. 


Case 

38. (Je) 

39. (Kn) 

40. (Co) 

41. (Wi) 

42. (Te) 

43. (Pe) 

44. (Wa) 
4o. (Ha) 

46. (Cr) 

47. (Gi) 

48. (Gr) 

49. (Sm) 
30. (Hv) 


Breast 

R 

L 

L 

L 

R 

R 

B- 

Pv 

R 

L 

L 

L 

R 


Method of 
extraction 

D „ 

B „ 

I) „ 

B » 

B (a. f.) 
B „ 

B „ 

B „ 

B „ 

B 


%of 

fat 

0-26 

2-77 

1*57 

P78 

0B.3 

2-24 

1-82 

M2 

2- 54 
l*6o 

3- 64 
2-30 
2*30 


Method of 
extraction 

H(Kf.) 

H „ 

H „ 

H „ 

H „ 

H „ 
H(a.f.) 
H „ 

H „ 

B „ 

H „ 

H „ 


7b oi 

fat 

2- 94 

4- 88 

5- 66 

3- 92 
1-09 , 
5 '52 
2*36 
4'02 
5'75 
4'49 

6- 16 
4*36 
5-02 


Rise in 
% of fat 

2-68 

2*11 

4*09 

2'14 

0*64 

3'28 

0-54 

2-90 

3*21 

2'84 

2*52 

2*06 

2*72 


mdk the first 7 cases show the percentage of fat in 

V dripped to be lower than in milk taken by hand, before feeding 

sucHfi extracted. In the last 6 cases the stimulation of 

siicklm^ the baby at one breast caused tbe other breast to drip. These dripped 

d compared with samples previously takeS from that ILe 

bieast bj hand or pump. It is of interest that in eases 47 and 50 miUi taken bv 
hyore feeding gave 2-24 and 3-59 % of fat, that is, 0-59 and 1-29 % 

feeding. In all other cases the fat per- 
f. . +f ™ *he dripped milk was less than that in the specimen taken immediately 
alter the feed either by hand or by pump. 

It may therefore be concluded that when samples are taken from any giyen 
to east all ynditions other than the method of extraction being similar, a speci- 
men oi milk which has dripped from a breast will show the lowest proportion 
oi tat obtainable at that moment. Nevertheless, the figure in itself need not 
aetuany be low, since the woman under examination may be one of those women 
wiio, under all circumstances, produce a high level of fat. This was shown in a 
case (Ka) m which the percentage of fat in the dripped milk before feeding was 
4-39 rising to 6^6 and 8-63 m the before- and after-specimens taken by hand ; or 
another case (R. R.) m which the dripped sample before feeding showed a 
percentage of 3-18 rising to 4-69 in the hand sample before fee ding and 7-41 in the 
pump aiter-sample. 

Adjustment to the method of extraction, though it occurs eventually, is of 
cyrse never immediate. If a very small sample be taken by hand immediately 
^11 *^® .ywed. sample, the rise in the fat percentage, though definite, will in 

all probability he sHght. As for instance in the case (So) when the percentage in 
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tlie sample clripped before feeding was 4*86 rising to 4*96 in the sample taken b\^ 
hand before, and 6*42 in the sample taken by hand after, feeding; and a;iiotlier 
case (Pa), where the dripped sample before feeding showed a percentage of 3*15 
rising to 3*55 and 5*33 in the samples taken by hand before and after feeding. 

Other eactors iNELiJENciisrcT the percentage op fat in the milk sample. 

There are certain other factors which have an influence on the percenta,ge of 
fat ill the sample of milk extracted, when the same method of extraction (either 
digital pressure or breast-pump) is emplo^-ed. 

These factors have been taken into account when considcaiiig the^ effect of 
the mechanism of the extraction upon the composition of the sample. 

1 . Period of lactation. It has been found that the proportion of fat in the milk 
of all miiltiparae investigated rises betw^een the first and fourteenth days. The 
nature of the rise is shown in Table Y. 

Table V. 



Day of 



Day of 


Case 

lactation 

^■q of fat 

Case 

lactation 

% of fat 

51 (J) 

2 

1*40 

53 (H) 

6 

0-44 

s? 

3 

1-90 


7 

3*10 


4 

2'o7 


8 

3-35 


5 

2-S2 


9 

3*80 


9 

4-50 

9? 

10 

4-60 

52 (P) 

5 

3-26 

54 (Pd) 

9 

2-92 

?S 

6 

4-20 


5 

3-40 

!> J 

7 

3-73 

9 ? 

6 

3-42 

»» 

8 

3-49 


7 

3-SS 


9 

4-15 

99 

8 

4‘15 


10 

5*43 


12 

4-58 




99 

13 

4-95 




99 

14 

4-72 


In the case of primiparae it is found that the percentage of fat in the early 
part of the feed is also as a rule higher than at the end, but, as shown in Table YI, 
this is not invariable. 

Table YI. 


Early milk of primiparae 


Case 

Day 

Breast 

O,' 

/o 

1 

Before feed 

of fat in sample 

^ 

After feed Difference 

55. (F) primipara 

1st 

R 

0-95 

0*53 

-0*42 

,, ,, 

2nd 

L 

1-66 

1*26 

-0*40 


3rd 

L 

2-73 

3-35 

A 0*62 

5(3. (P) 

2nd 

R and L 

3-13 

2*72 

- 0*41 

99 99 

4th 

L 

3-04 

4*56 

-f 1*52 

->9 ?■) 

5tli 

R 

1-92 

4-16 

-i^2*24 

J? 

14tl-i 

L 

3*55 

5-89 

+ 2-34 

57. (Pci) ,, 

2nd 

R 

7-14 

5*02 

™2*12 

(Small „ 

2iid 

L 

6-92 

5-74 

-MS 

quantities) 

6tli 

R 

5*44 

5*60 

-0*16 


6tli 

L 

9*98 

8*66 

-1*32 


7 til 

E 

4-36 

6*10 

+ 1*74 

fJ !(.■* 

7tli 

L 

3*64 

9*02 

+ 5*38 

58. (J) imiltipara 

3rd 

E 

1*57 

2*12 

+ 0*55 

4tli 

L 

2*57 

3*09 

+ 0*52 

59. (Bk) 

2nd 

L and E 

3*50 

6*05 

+ 2*55 

3rd 

E 

2*97 

4*09 

+ M2 
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of women. In the ease of the milk of women examiner] Onriim- 
he first fortnight of lactation, it was found that although the mean percentao-e of 
fat m aU cases rose from the first to the fourteenth d^ay, yet 1^6 
highest figure shown was between 3 and 4 %, although in other cases the 
peicentage rose quickly to over 4 % and then to 5 % and over 6 % . 
were pei'iods of lactation, although two different methods of extraction 

Inw f f general phenomenon was noted. In some women the 

1 % . In others the lowest veliie ™ less 
Til ^ ® generally between 3 and 4 % and rarely rising above 4 «/„ 
llmse observations suggest that some women throughout their whole 
than ^^^^^^ally a much higher percentage of fat in their milk 

- the case of cows 

ouantit?oTfln*l^^l^'"®“l‘ been laid in the foregoing work on the 

nected that a “'I obtained at any one extraction, and it might have been ex- 

in tho fSlnSST." ?fc “<•“« 

niilifoSto^nS'tho'' tongider that there is such a relationship, and that the 
fll r * “ * ^ * content are inversely related to one another Prom a 

. dj of our own eases, there seems no such clear relationship. In Table VII are 

Table VII. 


Case 

Age of baby 

iSample 

^.'Q of fat 

60. (P) 

First two weeks of life 

2 

6-17 

4-22 


99 

3 


99 

4 

4-50 


99 

7 

7-40 


99 

S 

5*82 

J9 

99 

9 

5-20 

61. (F) 

99 

. 1 

0*74 

>» 

9 9 

2 

1-45 

9? 

99 

3 

3-00 

99 


7 

2-44 


given the average percentages of fat obtained from samples from two different 

thanTo°c T wM^diff^*"^^’ although in each the quantity of milk was less 

than 10 cc. a wide difference is shown in the percentages of the fat. 

chanles''traT/«Tr“*'*^ro secreted by the breast of an individual suddenly 
mill^re nn? + babituaUy secretes a large amount of 

chat *e wfil affe versa, then we have found that this 

® will affect the fat and be reflected in a rise or fall respectively. Thus in 

fq® percentages on the 8th and 9th days after parturition wre 

seoneuct nf . f “ilk in the breast was small in con- 

SntiL sweating. On the 10th day, however, after 

andrtP^ of a peat d(pl of fluid, the volume of milk in the breast suddenly rose 

tial this “ ^^ble VIII furtheiAllus- 

appear that the final percentage of fat occurring in the 
na tnrfnf P®™*^ dn™g a feed is the product of several factors— the 
habitual yield of the indmdual woman, the place in the feed, and 
tile mechanics of the process of extraction. 
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Table VIII. 


Case 

Volume in cc. 

% of fat 

62. (F) 

3-3 

2*73 


0*0 

20 

3-35 

1*52 

63. (P) 

Quantity under 10 

6-17 

A lOwl 

,, 


■ 

4-50 



7'40 

r7. 0*0 



5*20 


38 2-98 


The above work, which was in the first instance undertaken to elucidate the 
variations in the fat content of milk recorded by many other workers in this 
field, has proved itself of value from the clinical point of view. This side of the 
WTjrk will be recorded in a separate communication. 

Conclusions. 

From our results it is suggested that the following conclusions may be drawn. 

1. Differences in the method of extraction of a sample of miUv appear to 
account for the wdde variations in the fat figures hitherto obtained by different 
•workers. 

2. Ill any given sample of milk, other factors being equal, it would appear 
that the percentage of fat present will depend inversely upon the quantitj" of 
milk present in the breast at the time of taking the sample, and direct!}- upon 
the degree of pressure exerted upon the areola and nipple in the process of extrac- 
tion. The lowest percentage of fat will be found in milk which has dripped 
spontaneously from the breast. 

3. There appears to be an individual variation in the average fat content of 
the milk of different •women. 

4. There would seem to be no clear relationship between a permaiieiitly 
high or low milk yield and the proportion of fat in the yield, tJiough this propor- 
tion appears to be affected by sudden variations in the yield. 

5. Ill all women investigated, the percentage of fat in the milk examined 
showed a rise between the first and the fourteenth days. 

We wish to express our thanks to Professor Dame Louise Maellroy for per- 
mission to carry out parts of this study in the wards of the Obstetric Unit of the 
Royal Free Hospital ; to Dr Chodak Gregory for facilities for observation in the 
Infant Welfare Department of the Royal Free Hospital; to Miss Liddiard and 
sisters of the Motiiercraft Training Society for valuable assistance; and to 
Dr Olivier Ricliarcls and the staff of the Carnegie Model Welfare Centre for 
co-operation in the selection of patients. We also wish to thank Professor 
Winifred Cullis and Miss M. Bond for much valuable criticism and advice ; and 
Dr Sliiskiii for help in searching the literature. Finally we ackiiowiedge with 
gratitude help received from the Medical Research Council and the Waller 
Research Fund -wiiich has made this work possible. 
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CXC. THE EFFECT OF ULTRA-VIOLET, RADIUM 
AND X-RAY RADIATION ON GLUTATHIONE 
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By GLADYS ESTELLE WOODWARD. 

From the Cancer Research Laboratories, University of Pennsylvania] 

Graduate School of Medicine, Philadelphia, Pennsylvania. ’ 

(Received July 19th, 1933.) 

(.TrLUTATHiON-E lias rGCoiitly booii sliowii to influGiicG tile activity of maiiy enzyme ! 

systems [Pringslieim et al, 1931 ; Lolimanii, 1932 ; Waldsclimidt-Loitz eial, lkl3] 

and lias received considerable attention as a possible regiilato.r of growth in the 

cancer cell. In view of the retarding action of radium and X-rays on cancerous 

growth and of the lethal effect of ultra-violet radiation of shorter wave-length 

than 2900 A., the question arises as to the effect of these rays on the glutathione 

molecule. Accordingl};^ the effect of such radiation on pure giutathione in aqueous 

or buffered solution has been investigated with regard to the fate of the sulphur 

ill the molecule. 

Ultra-violet radiation. 

Glutathione solutions were exposed to radiation from the full quartz mercury 
arc^ at a distance of 2o cm. The solutions were contained in fiat dishes, giving I 

thin layers of solution, and covered with transparent quartz plates. The dishes 1 

were surrounded by an ice- bath during the radiation to remove any possibility 

of destruction by heat. Samples were removed at intervals, made to 2 % ' 

siilphosalicylic acid and titrated by the iodate procedure [Woodward and Fry 

1932] for tile reduced glutathione remaining. The total giutathione remaining 

was also determined after z.inc reduction in the acid solution. By analogy with 

known sulphur compounds, glutathione which has been oxidised as far as its 

disiilphoxide form (G.SO.SO.G) would be included in this figure. Table I 

shows the results obtained. 


Table I. Decomposition of glutathione by ultra-violet radiation. 


Original Cllutatliione remaining after radiation 

gliitatliione ^ 

conceii- 4 hours 6 hours S hours 



tration 

r ^ 



f' 

^ 




mg. per 

Reduced 

Total 

Reduced 

Total 

Reduced 

Total 

Pll 

100 cc. 

0/ 

..'o 

0/ 

/o 

0/ 

.'0 

0/ 

• O 

O,-' 

.0 

o/ 

/'o 

3-5 

50 

51 

75 

— 

— 

— 



3*8 

33 

50 

77 

— 

— 

— 

— 

7-0 

33 

16 

63 

6 

— 

4 

40 

7*3 

33 

0 

35 

— 

— 

— 

— 

6-8 

200 

35 

62 

— 

— 

— 

— 

7-5 

200 

14 

44 

12 

44 

— 

— 

8-0 

200 

13 

52 

9 

48 




^ A Uviarc Laboratory Arc, 3*5-4*5 amperes, 110 volts D.C. 
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The solution radiated at 3-5 was unbuffered, being at the ^7^. of pure 
aqueous glutathione. The other solutions were buffered in 0*02 If phosphate 
It will be observed that there was a ver}^ rapid loss in total glutathione that is* 
it w^as changed in such a way that it could not be reduced back to a siiiphydrvl 
compound by nascent hydrogen. Glutathione not determined by this analysis 
will be considered ‘‘hlestroyed’’ since it can no longer act as a member of the 
biologically active oxidation -reduction system, 2G . SH G . S . S , G. 

The amount of destruction of glutathione as well as oxidation of sulphydryl 
is shovm to be dependent upon the concentration, pjj and time of radiation 
In the higher concentrations, a smaller percentage loss of glutathione was ob- 
served. The effect of is shovm in Table I. At a concentration of 33 iiia per 
100 cc., slight changes in p^ around 7-0 produced much greater increases in 
both the oxidative and destructive effects than at more acid pjr values In 
creasing the pjj from 7-5 to 8-0, however, in the higher concentration did not 
cause any greater effect. At constant p^ (7-0) oxidation of sulphydryl to 
disulphide glutathione proceeded much more rapidly than destruction aiid is 
therefore, probably a primary step in the destructive effect of the radiation. 

Using the closely related sulphur compounds, cysteine and cystine, Liebeii 
and Molnar [1931] have shown a similar destructive effect of ultra-violet liaht. 

The late of the sulphur in the glutathione -which was destroyed was investi- 
gated in the solutions of higher concentration. Tree sulphate could be detected 
ill all these by means of barium, sulphate precipitation. Analytical fractionation 
of the foims of sulphur present was therefore made bv a procedure adapted 
from, the macro-method of Denis and Reed [1927] for ‘ siilphiir compounds in 
blood. ^ 

Toted siilpJmr and inorganic sulphide. No sulphur was lost as gaseous pro- 
ducts,^ since 100% w^as recovered as barium sulphate after oxidation" by 
Benedict’s [1909] copper nitrate oxidising reagent. Therefore no inorganic 
sulphide was formed. This was confirmed with lead acetate paper after acidi- 
fying and boilmg the solution. 

Sulphates. Both free and hydrolysable sulphate were found. There was some 
barium sulphate precipitation even if the solution was not boiled with acid, 
representing the free sulphate in the solution. This was removed after standing 
20dioiirs, and a further precipitate of barium sulphate was obtained on geiit.le 
boiling. This w’as classified as the hydrotysable sulphate and is probably of the 
sulphoiiic ester type. 

Inte? mediate stilphuT, This classification iiicliides the siilpliiir which was not 
dotermiiied in the analyses for total glutathione and total sulphate. It was 

Table II. State of sidphtir after idtra-violet radiation of 
glutathione sokitions. 


Type of sulphur compound 
Total sulphur recovered 
(GSH 

Total glutathione j GSSG 

( Sulphoxide 

Free sulphate 

Hydi’olysable sulphate (sulphonate) 
Total sulphate 
Inorganic sulphide 

Intermediate sulphur 


Ph; and time of radiation 

^ ^ 

2hi 4 hours 2h-i 5 hours pj-r 8-0, 6 hours 

O/ O/' o/ 


8-4 

4-2 


101-0 

62 


12-6 

0 

25-4 


lOlN 

44 


2i»6 

0 

34-4 


16-4 

5-5 


99-5 

48 


21-9 

0 

SOT 
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caic 3 iilatexl by subtracting tiic^ sum of these two determinations from 100 % , 
and probably mcliides sulphur of the organic sulphide (R^S) and sulpiioiie 
(.R — SO 2 ' SO 2 types. No free sulphur could be detected, although all solu- 
tions w^ere slightly yellowish after radiation. 

Table II summarises the anatytical results thus obtained. The destruction 
produced seems to be due to a progressive oxidising effect of the ultra-violet 
radiation rather than to liberation of inorganic sulphide or free sulphur from 
the molecule. 

Radium. 

Radon in both glass and gold seeds was used in studying its effect on gliita- 
thione. The seeds wore placed directly in 10 cc. of giiitathioiie solution, in the 
first case (Table III), at 3^5, unbuffered and containing 50 mg. per 100 cc.:, 
at the higher values in 0-02 Jf phosphate buffer eontainiiig 33 mg’ per 100 cc'^ 
Tlie flasks were^ stoppered and left to stand at room temperature. Control 
solutions wdtiioiit radiiiiii were placed so as to receive no radiation from the 
experiiiieiital solutions (Table III). 


Table III. Effect of radium ofi pure glutathione. 




G'lass S! 

seds (jS-hy 

A 

rays) 

Gold seeds (y rays onl^q 




Dura- • 

r 

Glutathione 


Glutathione 

Control 


Amount 

present after 

Amount 

present after 

Glutathione 


tion of 

of 

treatment 

of 

treatment 

remaining 


treat- 

radia- 

^ .v. 


radia- 

tion 




0 


ment 

tion 

Pweduced 

Total 

Reduced 

Total 

Reduced 

Total 

Pll 

hours 

ni.c.li. 

0 , 

/o 

0/' 

/o 

m.c.ii. 

0 

.0 

0 .' 

/o 

0/' 

/O 

0 / 

/o 

3-5 

25 

212 

75 

97 

— 

— 



87 

100 


68 

469 

31 

86 

— 

— 

— 

78 

100 

7*0 

4 

38 

77 

99 

34 

79 

99 

88 

100 


24 

213 

0 

84 

191 

2 

92 

4 

100 

7-3 

4 

32 

67 

95 

29 

70 

95 

65 

99 


25 

180 

0 

85 

160 

0 

86 

0 

99 


The results show that glutathione is extremely resistant to both tlie /3- and 
y-rays of radium. At the acid pjj , after 212 millicurie hours of treatment, there 
was some oxidation, but onty very slight destruction. After longer treatment, 
469 millicurie hours, both effects were more pronounced. At the more alkaline 
Pr t'aliies the aiitoxidation of glutathione was so rapid that the oxidative effect 
of the rays was not as definite. However, the destructive effect was still quite 
evident. 

The oxidative effect observed by Hammett [1932] as expressed by a de- 
creased nitroprusside test is thus quantitatively demonstrated, 

X-BAYS. 

Glutathione in solutions similar to those used for the radium treatment was 
exposed for 4 hours to iinfiltered X-rays at 45 cm. distance from a iiiachiiie 
riiniiiiig at 120 kv. The glutathione solution was contained in a stoppered pyrex 
glass flask and surrounded by ice-watcu for cooling during the radiation. At 
the more alkaline p-^ values some autoxidation naturally occurs during the 
course of 4 hours. To allow for this a control solution was allowed to stand in 
ice- water for the same length of time. The results (Table IV) showed that there 
was no effect on the glutathione which could be attributed to X-rays. The 
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Table IV . Effect of X-rays on pure glutathione. 
Kadiated solution 


Duration 

of 

Amount of 

Glutathione present 
after radiation 

A. 

Control 

. Glutathione present 

treatment 

radiation 

Reduced 

Total 

Reduced 

Total 

hours 

R units 

0/ 

/o 

0/ 

/o 

0/ 

/O 

0/ 

4 

15,600 

95 

99 

100 

/O 

100 

4 

15,600 

93 

104 

100 

100 

41 

10,800 

80 

103 

72 

100 

4“ 

15,600 

56 

102 

65 

99 


stability of compounds of this type toward X-rays has also been reported by 
Stenstrom and Lohmann [1928] who found no destruction of cystine in acid 
solution when exposed for as long as 95 hours. 


Summary. 

Ultra-violet radiation was found to produce a very destructive effect on 
glutathione, ^ radium a slight destructive effect, both of these agents causino- at 
the same time partial oxidation of the siilphydryl to the disulphide fOTiii 
X-rays had no effect on the glutathione. 

^ The effect of ultra-violet radiation appeared to be of the nature of an 
oxidative destruction. Free sulphate was formed to the extent of 42 % of the 
giiitatiiione which was decomposed. 

The author wishes to exjeress her indebtedness to Dr A. J. Alien and Miss 
Bacliel G. Franklin of this laboratoiy for determination of the amounts of 
radiation used in these experiments. 
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Introduction. 

The large stores of vitamin A found in the liver oils of many species of fish are 
of peculiar interest when it is borne in mind that frequently only traces of that 
substance can be detected in the food on which they normally subsist. 

An explanation can be found by assuming that a fish such as the cod possesses 
the power to S3uithesise the vitamin, or, on the other hand, one can believe 
that the reserves merely represent an accumulation; it being remembered in 
the first place that although very little of the vitamin may be present in the 
individual organisms on which they live, most fish are voracious feeders, and, 
secondly, that substances such as vitamin A are readily retained by the liver. 

An earlier investigation in this laboratory [Coward and Drummond, 1922] 
indicated that the vitamin A present in the eggs of fresh-water fish (trout) 
disappeared during the larval period of the development of the young fish. The 
evidence was, however, derived from rat-feeding tests, the technique of which 
at that time was much less satisfactory than it is to-day. The differentiation of 
vitamins A and D had not been established, and it is uncertain, therefore, in 
the light of recent knowledge whether the conclusions reached were justified. 

It must be stated that there is growing support for the view that accumula- 
tion does occur. An investigation by MacPherson [1933] of the Dominion of 
Newfoundland Fishery Research Station has recently indicated that a correlation 
can be traced between the age of fish (length) and the reserves in the liver. Similar 
accumulation appears to occur also in man [Wolff, 1932; Moore, 1932]. 

From several points of view it appeared that the changes during the early 
stages of the development of young fish might be studied again wdth advantage, 
primarily because it was desired to apply the modern methods of spectroscopic 
assay of vitamin A, but also because we had in mind the extension of this 
method to the lipochrome pigments which might be biologically concerned. 

The relation between carotene and vitamin A in the nutrition of mammals 
is now generally recognised, but there are reasons for thinking that eqiiall}^ 
important relationships in which other lipochrome pigments are concerned, may 
be exhibited by other species. 

Already it is suspected that xanthophyll, which was believed to be of far 
less phy'siological importance than carotene, may have a particular function in 
the growth processes of the domestic fowl and possibty also of certain herbi- 
vorous species such as the guinea-pig [Rydbom, 1933],. 
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It appeared to be necessary, therefore, to ascertain whether any of the 
curious and little-studied lipochromes found so widely distributed amono'st 
aquatic species are converted into vitamin A in the tissues of fish such as Sie 
cod. A related problem, which is not only of considerable interest but also of 
great practical importance, is to determine whether the red lipochromes present 
m such organisms as Calanus or Euphauaia, which incidentally are known to 
differ in several respects from the recognised pigments of that class, are the 
origin of the large amount of vitamin A found in the livers of those species of 
whales which feed almost exclusively on zooplankton. 

Experimental. 

A convenient material for this mvestigation was available in the form of 
the fertilised eggs of trout. Both brown trout and rainbow trout ivere em- 
ployed. The technique of hatching the eggs and of raising and feedino- the 
young fish was that described in the communication already referred to [Cward 
and Drummond, 1922]. Periodically during the larval period a number of the 
young fish were removed, killed and the fatty materials extracted and examined. 
As soon as the fry w^ere able to take solid food the3^ were divided into three 
groups and fed on the following diets: 

Group I. Pulped rat-liver. 

Group II. Finely divided fresh cod-muscle. 

Group III. Cod-muscle and fresh-water green algae. 

The object of the third group was to ascertain whether the very youn<r fish 
could convert the carotene or xanthophyll of the green algae into vitamm A, 
there being evidence that normalty at this early period of their development 
they ingest a certain amount of “green” food. The alga employed ivas a motile 
form of CJihmydomonas, cultivated in tap-waterh A culture of it was poured 
mto the circulating water in the trout “ponds” each day at the same time as 
the finely divided cod-muscle was being given. Microscopic examination of 
fish revealed that green cells had been swallowed and digested but we had no 
means of judging how much was eaten. We suspect that it wms quite a small 
amount by comparison with the other food consumed. 

Again, at intervals specimens were taken for extraction and examination of 
the fats. In Fig. 1 there is plotted the absorption spectrum of the extract pre- 



Kg. 1. 

pared from the eggs of the brown trout. The absorption in the visible region 
does not enthely correspond with that of carotene. Saponification of the extract 
and application of the phase test revealed that the orange-red pigment is pre- 
ferentially soluble in the fight petroleum layer and, therefore, presumably it 
is a hydrocarbon or, at any rate, a lipochrome of low polarity. 

We are indebted to Prof. Salisbury for identifying the organism "vve employed. 
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A comparison of this curve with that recorded by Lovern and Morton [1931] 
for a pigment found in monk fish-liver oils shows a striking similarity. 

The exhaustive researches of Lonnberg and Hellstrom [1932] on the pig- 
ments of fish suggest that this fat-soluble colouring matter ma}?" be widely 
distributed. 

The absorption spectrum of the extract from the eggs of the rainbow trout is 
similar to that of the brovm trout eggs, ^ but much less pigment is present. 

Ill Table I the absorption at 4800 A. near the maximum of the carotenoid 
band and the absorption at 3280 A. have been evaluated for the brown trout. 
The figures express the extinction coefficient for a concentration where 1 cc. of 
extract (CHClg) is equivalent to 1 g. of fish. 


Table I. 


1 

2 

3 

4 

5 

6 

7 

8 

9 








Weight 



Days 






X cor- 



from 



Cor- 


Weight 

rected 



com- 

Absorp- 

Absorp- 

rected 


X absorp- 

absorp- 

Column 7 


mence- 

tion at 

tion at 

value at 


tion at 

tion at 

“h 

Group 

ment 

4800A. 

3280A. 

3280A. 

Weight 

4800A. 

3280 A. 

column 8 

Eggs 

0 

2-6 

2*0 

0 

0*083 

0*215 

0 

0*215 

Larval trout 

6 

2*2 

2*08 

0*39 

0*091 

0*200 

0*0355 

0*236 

with egg sacs 

15 

2*2 

2*10 

0*41 

0*096 

0*211 

0*0394 

0*250 

23 

1*8 

1*80 

0*41 

0*108 

0*204 

0*0442 

0*248 


30 

M 

1*4 

0*55 

0*136 

0*150 

0*0748 

0*225 

Feeding begun: 









Group I 

37 

0*98 

1*96 

1*21 

0*126 

0*124 

0*1525 

0*277 

51 

M2 

2*08 

1*22 

0*104 

0*117 

0*1269 

0*244 


62 

0*70 

2*10 

1*57 

0*140 

0*098 

0*2198 

0*318 


76 

0*325 

5*20 

4*95 

0*165 

0*054 

0*8168 

0*871 


92 

0*82 

10*70 

10*07 

0*162 

0*133 

1*6313 

1*734 

- A for 16 days 

92 

0*72 

8*4 

7*85 

0*143 

0*103 

M221 

1*225 

Group II 

37 

0*82 

1*3 

0*67 

0*152 

0*125 

0*1018 

0*227 

51 

1*06 

1*9 

1*08 

0*104 

0*110 

0*1123 

0*222 


62 

0*45 

1*92 

1*57 

0*120 

0*054 

0*1884 

0*242 


76 

0*35 

1*62 

1*35 

0*138 

0*048 

0*1863 

0*234 

Group III 

37 

0*98 

1*20 

0*55 

0*128 

0*125 

0*0704 

0*195 

51 

1*06 

1*85 

1*03 

0*104 

0*110 

0*1071 

0*217 


62 

1*15 

2*22 

1*33 

0*095 

0*109 

0*1264 

0*235 


76 

0*40 

2*01 

1*70 

0*120 

0*048 

0*204 

0*252 




_ _ 0 

Mean for eggs and Groups II and III : 

0*231 


While the absorption at 4800 A. is a measure of the concentration of pigment, 
the figure obtained at 3280 A. must be regarded as probably compounded of 
three components — the absorption of any vitamin A present, the absorption 
due to the pigment and that due to other irrelevant chloroform-soluble 
materials. If the absorption of the pigment in this region is subtracted from 
the gross absorption, the resulting values represent changes in the content of 
vitamin A provided that the irrelevant substances are present in constant 
concentration. This latter requirement has been assumed in the results to be 
described, but the possibility of variations in concentration of substances other 
than vitamin A absorbing at 3280 A. cannot be disregarded. 

It was necessary, therefore, to allow for the absorption at 3280 A. of the 
pigment, but since there was always the possibility of the presence of some 
vitamin A in the extracts of the eggs, an upper limit only could be set for this 
absorption, i.e. the extinction coefficient where the ratio of absorption at 
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3280 A. to absorption at 4800 A. is at a minimum. This condition was fulfilled 
in the earliest experiment on the eggs. 

It will be seen (Table I) that the ratio is 0-77, so that we have assumed that 
at this stage the vitamin A absorption is zero, and all subsequent values at 
3280 A. have been “corrected” in a similar manner by subtracting from them 
0-77 of the absorption at 4800 A. It cannot be claimed that the “corrected” 
values express true absorption due to vitamin A alone, but we have eliminated 
by this means any variations brought about by the pigment, so that those 
which do occur probably arise from varying concentration of vitamin 4 By 
multiplying this value by the mean weight of the fish, figures are obtained which 
represent the amounts of carotenoid (column 7) and of vitamin A (column 81 
present- in each fish. ^ 

In Table I it will be seen that in the young fish before feeding began the 

content of pigment decreased, but that this was accompanied by a eorrespondino- 
rise in vitamin A content. This state of affairs continued throughout the tests 
on groups II and III, the two types of food showing little difference. In column 9 
the sums of the values contained in columns 7 and 8 are given and these show 
remarkable constancy, indicating that as absorption at 3280 A. increases an 
appi oximately equal decrease at 4800 A. occurs. One explanation of this would 
be that the pigment is bemg converted into vitamin A. Now Al".;- for carotene 
is about 2o00 at 4800 1. [McNicholas, 1931], while for the pm^st vitamin A 
preparation is 1600 [Carr and Jewell, 1933]; thus we should expect for 
eftcient conversion of carotene into vitamin A a rather greater decrease in 
absorption at 4800 A. than the increase at 3280 A. Since it is reasonable to 
expect that the pigment of the trout is roughly of the same absorbing power 
as carotene, the conversion appears to be an efficient one. 

Group I fed with rat-liver showed a substantial increase both in weight and 
m vitamin A content as compared with the fish fed on cod-muscle. When the 
deprived of liver and were given only cod-muscle for 16 davs they 

absorbing aTSsS A ^ 

In Wa o® expressed in the form of graphs, 
in Fig. . the superior gi-owth on the liver diet is well marked and there is 



Cod-musele diet. 


-® Rat-liver diet. 


' Cod-muscle diet + algae. 
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evidence that supplementing the “white fish” diet with green algae was bene- 
ficial. From the curves in Fig. 3, there is also an indication of .storage of carotene 



Fig. 3. (a) Maintained on liver diet, (b) transferred to cod-nnisele diet. 

® — « Cod-,muscle diet. ® — • — ® Cod-muscle diet -j- algae. @ — — @ R,at-liver diet. 



Fig. 4. (a) Maintained on liver diet, (6) transferred to cod-muscle diet. 

® — ® God-muscle diet. ® — » — ® Cod-muscle diet + algae. ® — — ® Rat-liver diet. 



or a similar pigment "by the fish in group III, In Fig. 4 the vitamin A content 
in the group fed with rat-liver is showm to rise very steeply, and to fall as sharply 
when deprived of vitamin A for 16 days by feeding exclusive^ on the cod-flesli 


1420 


R. J. MacAYALTER AN^D J. C, DRUMMOND 


diet. The concentration attained would appear therefore to be abnormally hicrh 
Corresponding with the rapid decime in the amount of vitamin A in the Lse^nf 
fish deprived of liver is a sharp decrease in weight (Fio- 2) ^ 

^ It will be noticed that in groups II and III the reciprocal effects of deems, «i. 
pigmentation and increasing nett absorption at 3280 indicated hi Table ^ 

also apparent (Figs. 3 and 4)_. It would seem, however, that the rainbow t’ro, t 
eggs oiiginally possess less pigment but more vitamin A. The mean value fr 

*0 that in column 8 of Table I is considerably lowj 
(0-181). For group I this figure rapidly increased until it wa,s greater than for 
the brown trout. The relative vitalities of the two kinds varied in Him ^ * 

In the initial stages the rainbow trout had a high mortality but in liter ttves 
ey were more hardy than the brown variety, a feet which would iiScatf tS 
the constant- referred to may be a measure of vitamin A reserves ^ 

It IS apparent that our conclusions are at variance with those derived from 
the previous investigation m this laboratory [Coward and Drummond ^Idooi 
but as we have already remarked, the feeding tests which formedle basif 5 
ose experiments are open to criticism in the light of present day knowledge.^ 

SmiMAKY. 

not^identical with, carotene. ItTproUblyVh^^earbo'^^^^ 

creates tnlrther the young fish the amount of this pigment de- 

A.: sug. 

be lipoehrome content of younc fish mav 

(GhhmydmnmZsT itil imL^^nZhlth^ ^ 

. l«ton= , i. t,'. ttltllT I S'f '*■ •« j 
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CXCII. THE MICRO-DETERMINATION OF i 

PENTOSES, FREE AND COMBINED. I. | 

if: 

By SAMUEL ANDREWS and JOHN ALEXANDER MILROY. f 

|; 

From the J. C. White Department of Biochemistry, The Que€?i\s 

University of Belfast, j 

{Received July 21st, 1933,) | 

R.ECENT investigations have shown the widespread distribution of pentoses in 1; 

combined form within the animal organism. In many cases the amount of | 

material available for analysis is small and as it is frequently" necessary to carry | 

out rapidly a large number of analyses, it is advisable to have at one's disposal | 

a simple and reliable micro-method. The majority of modern methods depend 

upon the conversion of pentoses into furfiiraldehyde on distillation with 12-20 % If 

hydrochloric, acid [Gaiis et at, 1888] and the determination of the amount of 
fiirfuraldehyde, either gravimetrically after condensation with phlorogliicinol in 

acid solution or colorimetrically wdth aniline and acetic acid. The colorimetric ! 

method has the great advantage of detecting furfuraldehy^de in extreme 
dilutions. Yoiiiigbiirg and Pucher [1924] examined carefully the conditions under 

wdiicli the reaction between furfuraldehyde and aniline acetate requires to be | 

carried out in order to obtain accurate Cjuantitative results. Pervier and [i 

Gortner [1923] had already directed attention to the advantages of steam.- /i 

distillation in the removal of furfuraldehyde from the reaction mixture, and j| 

Hoffman [1927] employed this method with certain modifications, along with 

the colorimetric technique of Y oungbiirg and Pucher . S teudel and WoMnz [1931] jj 

and many others have adopted, with slight modifications, the H.'o.ffnian method. 

Yoiiiigbiirg [1927] later replaced hydrochloric wdth phosphoric acid, removing 

the furfuraldehyde in the usual way by steam-distillation, and obtained the 

theoretical yield from fZ-xylose, 78*5 % of the theoretical from cZ-ribose, 64*9 % I 

from barabinose and cZ-arabinose and 52*2 % from d-lyxose. He obtained very 

small ydelds (1-6 %) from various hexoses, disaccharides and polysaccharides, 

glucose furnishing 4*84 %. 

The recent literature shows that even w^hen all precautions are taken as 
regards removal of furfuraldehyde from the reaction mixture the yields obtained 
by different investigators from the same pentoses, free or combined, are far 
from uniform. All are agreed that the yield from the pyrimidine nucleotides is 
extremely small. The most recent results of furfural dehy^de ydelds from various 
purine nucleotides and nucleosides of yeast and of animal origin are those given 
by^ Steudel [1933]. 

The great difference in the furfuraldehyde yields betw^een the y^east and the 
animal nucleotides is very^ striking and has naturally attracted a great deal of 
attention. The rise in the furfuraldehyde ydeld after deamination and removal of 
the phosphoric acid from the muscle adenylic acid has naturally^ been interpreted 
as due to a difference in the structure of the ribosephosphoric.acid in the y^east 
and the muscle nucleotides. Embden and Schmidt [1929] were the first to show 
that there are striking differences between the muscle adenylic acid and the y^east 
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adenylic acid, among whicli may be mentioned solubility, optical rotation, rates 
of acid hydrolysis of the phosphoryl linkage, deamination (chemical and 
enzymic) as well as ftirfuraldehyde yields. Recently Klimek and Parnas [1932] 
have drawn attention to a difference as regards the formation of a complex 
copper salt with muscle adenylic acid and not with the yeast derivative. 

That such differences are due in part to the position of the hydroxyl groups 
and the phosphoryl linkage of the pentose is extremely^ probable, but it is 
difficult to ascribe the verj^ great disparity in_ the furfiiraldehyde yields to such 
a cause. 

The principle of the micro -method which we have employed during the last 
two years is briefly the production of fiirfuraldeliyde from the action of acetic 
acid on pentoses, free and combined, in evacuated and sealed tubes kept at 
170'^ for some hours, and the subsequent direct determination of the furfur- 
aldeh 3 vle colorimetricaffy with aniline acetate. Humerous experiments were 
carried out in order to determine the conditions which led to maximum yields of 
furfiiraldehyde. 

(1) Acids. Manj^ acids in different concentrations were tested, e.g. oxalic, 
phosphoric, acetic, acetic phis trichloroacetic and others. Finally it wms found 
that acetic acid alone gave the best \delds and that the most favourable con- 
centration was approximately 50 % . This may not be the exact optimum, but 
such a concentration is more convenient to work with than one slightly stronger 
or weaker. 

(2) Temperature. The optimum temperature was found to be about 170° in 
order that the maximum jdeld should be obtained within 2-4 hours. 

( 3) Emcuation of the tubes. Good evacuation (water- or oil-pump) is absolutely 
essential in order to avoid destruction of furfuraldeliyde. Furfiiraldehyde 
solutions heated under the standard conditions show no sign of any destruction, 
the recover 3 r being complete. 

(4) Concentration of solutions. Different concentrations covering a wide 
range were tested. Dilute solutions (1*0 cc. = 0*05 mg. furfuraldeliyde) were 
found on the whole to be most suitable. 

The technique of the method. 

The aqueous solutions of the pentoses and of the purine nucleotides and their derivatives are 
iisoally made of such a concentration that 1-0 cc. of each solution should give a theoretical yield 
of Od mg. furfuraldeliyde. 50 cc. of the solution are then run into a 100 cc. flask and made up to 
100 cc. with glacial acetic acid. The theoretical 3 deld of furfiiraldehyT-de from this 50 % acid 
solution is therefore 0*05 mg. per cc. Three to 4 cc. of the acid solution are then transferred ivith 
a capillary pipette into glass tubes 1 cm. in diameter and 16-18 cm . in length. The closed ends of 
the tubes are previously blown into small bulbs to facilitate evacuation. The tubes are then drawn 
out, evacuated and sealed. They are now covered mth asbestos paper, placed in iron or lead tubes 
and heated in an electric oven at the temperatures and for the times found to be most suitable. 
The tubes are finally allowed to cool and opened with the usual precautions. The colorimetric 
determination is then made in the usual way, using as a standard the one employed by Yoimgbiirg 
and Pilcher, the solutions for comparison being made up as follows : 

IT. Series of fractions of standard furfuraldehyde solution 
(1-0 CC.-0-05 mg. furfuraldehyde). 

(1) O'iOcc., (2) 0*80 CC., or (3) 0-90 cc. of standard furfur- 
aldehyde. 

0*5 cc. aniline. 

4*0 cc. glacial acetic acid. 

Distilled water up to 10 cc. 

After the reaction mixture and series of standards have stood for 15 minutes in the dark, they 
are compared, and the standard (1), (2) or (3), which most closely approximates to the colour of 


I, The reaction mixture. 

i’OO cc. of the solution. 

0*5 cc. aniline. 

3*5 ce. glacial acetic acid. 
Distilled water up to 10 cc. 
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the unknown is iiiatclied with it in the colorimeter. When dealing with reaction inixtiires of widely 
varyin*'*' furfuraldehyde concentrations, the final procedure of Youngburg and Pucher [1924, p. 745] 
was adopted in its entirety. All measurements and reaction mixtures were made wdth standard 
l-O cc. pipettes divided into 0‘01 cc. 

The stock furfuraldehyde solution is made up in water saturated with toluene so that the 
streno'th is 5*0 mg. furfuraldehyde per cc. and is stored in the ice-chest. From this the dilute 
standard can be prepared as required. 

A few examples from a very large number are given in Table I in order to 
show why a concentration of 50 % acetic acid at 170^' for a period of 3-4 hours 
has been chosen as most satisfactory. 

Table I. Yields of fwrfumldeliyde from pentoses, micleotides and nucleosides 
under various conditions. 


Substance 
chXjlose (a)-''' 

„ (^) 

,, («) 

„ (^0 

i!-Arabinose («) ‘ 

Yeast adenylic acid («) 
Yeast adenosine (a) 

„ (b) 

» (b) 

Yeast guanosine (a) 

» (b) 

» (&) 

Yeast suanvlic acid (b) 

Muscle adenylic acid I (6) 

„ n (b) 

Bainosinate (b) 

Ca ad enosinetriphospliat e 
(heart muscle) 

Ditto (rabbit’s skeletal 
muscle) 

Ditto (frog’s skeletal 
muscle) 


Cone, of 
acetic 

acid Temp, 


% yield of furfuraldehyde after 


50 

50 

50 

25 

75 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 

50 


C. 

170 

170 

180 

170 

170 

170 

170 

180 

170 

170 

180 

170 

170 

ISO 

170 

170 

ISO 

170 

180 

170 

170 

170 

170 


170 


50 170 


1 

1*25 

1-5 

1-75 

2 

3 

4 

5 

6 hrs. 

Oh-o 





84-5 

86-7 

92*9 

93*1 

80*6 








86-0 

88 -8 

91*8 

— 

' 


85-1 

88*9 

82-2 

80-5 

— 

— 

— 






— 

— 

72-1 

77*1 

t.)3’i 


50-3 

— 

— 

__ 

64*5 

— 

— 

52*7 






_ 

62*3 

73*4 

81*3 

68 *6 

— 








69*8 

70-2 

70*2 

— 

— 



— 

76-4 

__ 

63-8 

— - 

— 

— 







84-0 

85-5 

95*1 

83*5 

76*9 




72-6 

— 

81-1 

82-7 

81*6 

i 1*4 

~~ 

(>7-0 

84-5 

74-4 

— 

— 

— 

■— 

— 






__ 

89-2 

— 

— 

82*5 






7 5*0 

85- 6 

82*1 

72*6 

— 

72-4 

76 ‘3 

71-4 

— 

— 

— 

— 

— 







64*4 

— 

— 

— 

— 







70-9 

75*5 

— 

08*2 

- 



72-4 

— 

— 

68-2 

„ 

— 

. 








67-7 

78-9 

72*6 

— 

— 

72-6 

72-9 

714 


— 

— 

— 



60-2 

— 

__ 

— 

73-0 

A'7 . A 

62-4 

75-] 

59*8 

61*6 

— 

z 

— 

— 

— 

— 

Oi 'O 










76-0 

— 

— 

— 

— 

62-5 

— 

_ 

-- 

55*5 

55*5 

62*5 

— 

— 

53-8 

__ 

— 

— 

53-1 

49-1 

— 

— 

— 

44-6 



— 

_ 

__ 

— 

— 

— 

— 


* (a) and (6) signify concentrations of .sub.stauce yielding theoretically 0-1 and 0-05 mg. furfuraldehyde per cc. of 

We are indebted to Dr Stendel for the adenylic acid (I), to Henning for TJjrhe^fmuscle If t*bcfho“o 
for the Ba inosinate and to Dr Strain for the specimen of adenosinetopliosphate Horn the lieait inus. 

all of whom we offer our best tliaiiks. 

The furfuraldehyde yields from the muscle nucleotides 
than those which have been obtained by others using le ns i x i 
[c/. Steudel, 19331, so that differences between the nucleyides Vy ^ o 

muscle origin are by no means so evident as one had been led to expect, i 
work on this subject is being carried out. 

Furfuraldehyde yields from the pyrimidine nucleotides. 

A specimen of cytidylic acid suppUed by the British Drugyouses Ltd., gave 
the following ynelds on heating with 50 % acetic aci a i 

3 hours, 27-5 %; 5 hours, 294 %; 7 hours, 28-2 %. 
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Furfuraldehyde yields from hexoses and sucrose. 

In dilute solutions there was practically no furfuraldelij^de production the 
colour development being so slight as to make the readings impossible. In much 
more concentrated solutions than those used for pentoses, glucose and sucrose 
gave ajrparently small yields, 4-18 and 4-56 % respectively. It is probable 
however that the colour development is due to the presence of Iiydroxymethvl- 
furfuraldehyde. Slight humin formation also masks the colour chano'e aiud 
renders colorimetric comparison unsatisfactory. ” 

It is evident that there are variations in the maximum yields of furfur- 
aldehyde obtained by this method, depending as always on the difficulty of 
obtaining maximum production of furfuraldehyde with "minimum destruction 
but in our opinion the same is true of all acid distillation methods. This is shown 
by a comparison of the yields obtained by Hoffman and Steudel respectively 
using approximately the same procedure. The method here described can be 
readily carried out and one may easily compare and determine with accuracy the 
jueMs under exactly the same conditions from a pure pentose of known con- 
centration and pentose in some form of combination. With the qualifications 
which follow from the above remarks, one may give provisionally as approximate 
maximum yields of furfuraldehyde from pentoses, etc. which have been examined 
the following values. 


cZ-Xylose 

Z-Arabinose 

Yeast adenylic acid 
Yeast adenosine 
Yeast guanosine 
Yeast guanylic acid . . . 

Muscle adenjdic acid 

Muscle inosinic acid 

Muscle (skeletal) adenosinetriphospboric acid 
Muscle (cardiac) adenosinetriphosplioric acid 

Cytidylic acid 

Hexoses (in dilute solution) 


90-93 
7 0—8 1 
So-95 
80-90 
70-75 
70-80 
70-75 
75 

50-53 

55-63 

27-29 

0 


SiJMMAEY, 

A micro-method for the determination of pentoses, free and combined, is 
discussed conditions under which maximum yields may be obtained are 

By this method the furfuraldehyde yields from the purine nucleotides of 

d Sti'nn w much higher than those obtained by the usual steam- 

dibtillation method from a hydrochloric acid reaction mixture. 
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CXCIIL THE INFLUENCE OF COD-LIVER OIL 
ON THE HAEMOLYTIC COMPLEMENT 
OF HUMAN BEINGS. 


By THOMAS WILLLAVI BRYANT OSBORN. 

Frorn the- Department of Biochemistry, Oxford University, mul the Department 
of Physiology, University of the Witwatersrand. 

[Received June 19th, 19SS.) 

In a previous comiiiimicatioii [Osborn, 1931], it was shown that the coinpieiiient 
of rats fed on a diet deficient in vitamin A tended to be lower than that,' of control 
aiiiiiiais receiving cod-liver oil. The aim of the present work was to discover 
whether a dose of cod-liver oil produced a change in complement concentration 
ill human beings. Fifty cases were experimented on, and they w^ere compared 
with fifty cases" receiving olive oil. A large dose of 50 cc. was given in each case 
ill order to obtain the maximum possible effect. This was taken without 
difficulty by ail the subjects except one. A Zulu who had a superstitious objec- 
tion to fish of any sort and who detected the fishy flavour of the cod-liver oil 
vomited a few cc. of his dose. 

Ill all 100 experiments iv ere made : 

14 on Oxford students and research workers, 

24 on South African students, 

42 on natives in the Johannesburg Hos|)ital, 

20 on natives in the City Deep Mine Hospital. 

Fourteen individuals submitted to both the cod-liver oil and the olive oil, with 
an interval of a da,y or more between the experiments. In the other experiments 
alternate individuals were given cod-liver oil and olive oil respectively, liie 
students w^ere all iioriiial healthy individuals. The hospital cases -were con- 
valescents, usually a day or two before their discharge, fractures and other 
simple surgical cases uncontaminated by sepsis, and others siniiiarh?' free from 
any acute infection. 

“'ll! each experiment about 0*3 cc. of blood was withdrawn from the finger tip 
into a small agglutination-tube between 8 and 10 a.m. The dose of oil was then 
given and one or more further samples of blood were taken from one to five 
hours after the dose. 

The tubes ivere stoppered and allow^ed to stand at room temperature loi 
24 hours. The complement activity of the resulting serum was then estimated^ 
by measuring the time taken for complete haemolysis of a fixed volume ot 
sensitised sheep^s corpuscles by a measured volume of the serum. Two observa- 
tions were made on each sample of blood. The S.iV. Institute for Medical 
Research kiiidlv arranged for a regular supply of the corpuscles. They were 
sensitised with five units of anti-sheep corpuscle serum and were suspended in 
normal saline to give a 3 % suspension. The details of their preparation are as 

2 parts of sheep's blood are drawn into I part of a 2 % solution of sodium 
citrate. The corpuscles are deposited by centrifuging and are washed three times 
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with 3 volumes of 0-85 % NaCl, being centrifuged for 10 minutes at 30nn . ^ 
between each washing. A volume of corpuscles, measured by means of a^ninS-'r' 
IS then suspended m sufficient 0-85 % saline to give a 3 % suspension ’ 

are added 5 umts of anti-sheep corpuscle serum (i e five timLTh! 
volume needed for complete hremol^ in the^rLnce of 
mature is then allowed to stand for at least an Lur “ipiemcnt). The 

Appendix was used for the measurements 

WwS 2:' » bubbirottr 


1*0 vol. normal saline 


1-0 

X 

1—x 

0*5 

0-5 


Total . 4*0 Yol. 


normal saline 

serum diluted three or four times with normal saline 
normal saline =><ume 

normal saline 

3 % suspension sensitised sheep’s corpuscles 


In the pipette used 1 volume was equal to about 50 mm s Since all the 
ments were made with the same pipette the absolutfttnl’,,.,. ! r ^ 

The measured imlumes were expelled in the opnosite orHer ’ importance, 

tube. Tins procedure ensures that the serumTwasLd^^^^^^ agglutination- 
volumes of saline, and that it is separated from tbp Tav, f • Pipette by two 
small volumes of saline. The sZtions wSrnS-ed H 

black .lin.es, was placed beliitirl fliA -.Sv i. ™ tile, ruled with 

with . sixong beS light Tt tt r? ''»• ill«mia.ted 

few seconds, the point of comnlpte h^I i Possible to estimate, to within a 

.h.„ .bou, i r '•»«» 

the volume of the dilute serum used Ir in the h'«f pf of the serum and 

give a haemolysis time of 2-3 mSes of reagents), were adjusted to 

of th^rsKoi; rtsf ™ 

Activity of complement after do se 100 
Activity of complement before dose ^ ~T~ 

= of h aemolysis after dose 100 

Speed of baimoty^iilbef^^c^ ^ ~ 

= complete baemolysis before dncp 

TinPA — o 7 rr~r ^ ; _ 


Tjp- — -~x ►-''-'iwi.c uLuse 

lime for complete baemolySiUterd^ 


100 
1 ‘ 


^.e. in any one comiiSon thrS?,iif r ^^^er the dose, 

diluted se^uni (x) were the same ^ ^ ^ serum and the volume of the 

"f ? ““ “"“ly ft” 1 to = bo™ 

174 estimations were made foUovdna ^ ah 

results are expressed in the fom of a hi'sWr«“^ and 170 following olive oil. The 

100 % , marked by the heavy black Ime is fh’ T ™ accompanying diagram, 
the dose. ^ strength of the complement £;fore 
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Protocol of one pair of observations : 

Subject: J. H. G. 

Date: 18th Jan. 1933. 

Blood sample taken at 9,30 a.ni., dose of 50 cc. of cod-liver oil given immediately after, second 
sample taken at 1 p.m., food and violent exercise being avoided in the interval. Blood stood at 
room teiiiperatiire overnight to allow separation of the serum. Serum diluted with 3 volumes of 
0-9 % saline. 

9.30 a.m. blood 


Volume diluted serum 
Volume sensitised corps. 
Volume 0-9 % saline 
Haemolysis time 

Percentage of original speed 


0-6 

0-5 

2-9 

168 secs. 


1 p.m. blood 

0-6 

0*5 

2-9 

145 secs. 

168 X 100 __ 

145 


116 % 



Fig. 1. Histogram showing complement activity of serum of individuals after taking cod- 
liver oil and olive oil. Expressed as percentage of activity of serum taken before dose. 


Tlie statistical analysis of the figures gives the following results : 


Mean of cod-liver oil 
Mean of olive oil 


= 113-4 
= 102-7 

Difference = 10-7 


Standard deviation of cod-liver oil l o ) ~ 1^*6 
Standard deviation of olive oil (o-^ ^ ) = 10*8 

Standard error of difference 


V: 


C.L.O. I ^0.0. 
T, n n 


M-66. 


Since the deviation of the means is approximately 6*5 times the standard error of 
the difference, it seems to be significant.- 


1428 


T. W. B. OSBORN 


Discussion. 

It IS an accepted fact that haemolytic complement is not a single substancp 

P 7non-f T ^ Teriuichi [IflOTr 

Brand [1901], and others showed that it contained two thermolabile parts tht 

Midstuok and Endstuck.” The work of v. Duno-ern 119001 Ehlnvi i 
SaoLs [1902], Coca [1914], Hyde [1925] and others iXto the tiS 
third part, ndiile Gordon, Whitehead and Wormall [1926] produced ^ood 
evidence of a fourth part. In these circumstances it would not be expected lli 
an increase in the concentration of one of the parts would invariably lead to an 
mm-ase m the total complement activity. This would only occur if the nart 
mcreascd were the limitmg factor in the blood in question. This supposition mil 

co^Hv! 1 While the admiLtration of 

cod-li\ er oil caused an mcrease as compared with the olive oil when measured bv 

le average eflect, and while this mcrease was well marked in a percentao-e of 
cases, It did not occur invariably. This is what might be expSted W our 
picMous reasoning. Hsome factor, present m cod-liver oil and abLnt froin olive 
oil caused an mcrease m one of the parts of the complement complex 

i^estiuii of complement would cause an increase in the total complement 
activity m some cases but not in others. eumpiuutnt 

These results are mteresting when taken in conjunetion with the nrevinu® 
results [Osborn, 1931], which showed that rats fed on a diet defident in 

Shvitil.'''^’ «ian control rats receiving 

SUMMAKY. 

on dose of cod-liver oil by 50 experimental subjects produced 

on die average a rise m haemolytic complement which was greater than that 

™ “ 

Appendix. 

The instrument described below has been foimd tn he oini+nni^ t 

volume.s of liquid of the order of 5 mm.3 " Oic repeated measurement of 

A piece of tubing is drawn out into the shape shown in Pi<- o \ o ii i 
in volume to the smallest graduation required is introduced oftr' 1 T ??’ mercury, equal 
round into the capiUary A. A rubber teat is filled with • . end 1) and aUowed to run 

Pressure on the teat is re^ulaterl hv in f and pushed over the broad end I). 

in the eapiU ry .rma"bf “ f t 

on the tu\e in\ndian^4 rjattinf ^^-luations marked 

A second clamp holds the rubber f eif T * * i i clamped in a vertical position. 

... ..i /« rini’aS 

therefore the volumroTtSrt redulfd^i T”* “ 

out mto a capillary and that the teat is filled with mLury ’ ” 
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to mix 1-7 volumes of .4 with 0-6 volumes of B by means of a pipette holding 1 volume and 

graduated into 10 divisions, tlie following are drawn nj) into the pipette : 

1-0 volumes A, 
a small column of air, 

0-7 volumes d, 
a small column of air, 

0-6 volumes of B. 

lliese aie then all expelled together, ihey maj?' be mixed by being repeated^ drawn in and out of 
the pipette. Another convenient method is to blow a small bubble of air into the niixtiire and 
rotate it about. 

The small bulb B prevents liquids being drawn over into the mercury in I). 



Wright [1921.1 advocates the coating of the inside of small pipettes with wax to obviate the 
eiTor produced by wetting the glass. Tlie author has not, up to the present, found a wax whieli 
will hold to the walls for any length of time. If such a substance could he found, it would be a 
great advantage in ail volumetric micro-chemical work. An alternative suggestion of Wrigldhs 
has, liOArever, been found to be helpful. If the external surface of the tip of the pipette has a 
coating of wax the removal of the last drop of liquid is facilitated. 

In most cases one pipette would be used for all measurements, therefore the absolute voiunie 
of the giaduated part of the pipette need seldom have any definite value. Provided it is divided 
into a number of equal parts, relative volumes can be measured accurately. 
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Although ifc has been widely held, particularly since the experiments of 
Chittenden and of Chalmers Watson, that the presence in the food of liio-h 
proportions of protein is harmful, there is still much conflict of evidence as to 
whether this is realW so in the case of omnivorous species. Many investigators 
have attempted to analyse the underlying effects of increased protein r^ions! 
particularly with regard to the efifect of protein in pu'oducing kidney disorders' 
The primary reason for undertaking the followmg experimental \vork w'as to 
determine whether the adverse effect which has been reported bj^ some investi- 
gators W'as due to the acidogenic properties possessed by protein* in virtue of its 
content of sulphur and phosphorus^. This acidogenic effect has been demon- 
strated in man by Farquharson et al. [1931] who found increased excretion of 
ammoma and lo.ss of calcium in response to a high protein diet. As to other 
effects of high protein diets in man, though such diets tend to alter the proportion 
of putrefactive organisms in the intestine [Sanborn, 1931 ; Torrer and Montu 
if V? ’^™gl\and Ivrogh [1913] and Thomas [1927] on eskimos, and 

tliat of McClellan and DuBois [1930], McClellan et al. [1930], and Tolstoi [1929] 
on trained subjects, all fail to indicate serious harmful effects from excessive 
dietary protein, wdiilst physical inferiority results in the case of African and of 
-Bengali tnbes if the protein is low [Orr and Oilks, 1931; McCaj^, 1912], 

In animals the presence of excess of protein in the food has been found to 
cause renal hypertrophy by many workers [Osborne et al, 1926-27 ; Hassan and 
Uruminond 1927; Reader and Drummond, 1925; 1926; Drummond et al, 1922; 
Jackson 1J24-20; Jackson and Riggs, 1926; Francises ah, 1931 ; Stewart, 1929- 
Longwell et al, 1932; MacKay et al, 1928]. Actual renal damage has been 
obs^ 1923; 1928; 1931], Polvogt et al [1923], 

Liatherwick d aL [1931], Maclean et al. [1926], Evans and Risley [1925], Smith 

rlrti Parsons [1931], Newburgh and 

tis U 9-8] found that protein in the form of dried liver was particulariy 
harmlul; on the other hand Newburgh and Marsh [1925], who observed renal 
le^miis after mtravenoiis injection of certain amino-acids, were unable to ascribe 
tlie toxic eiiect to any particular compound. 

According to Drummond and his colleagues and Hartwell [1928] hidi 
protein diets decrease the growth-rate of rats, wdiilst the reverse was claimed 

mfawSC effLf n \ differentiated betw'een the 

unldvouidhle effect of high protein intake on activity, reproduction and life-span 

1 \Villiaiii Clibson Research Scholar. 

= In the complete oxidation of 100 g. of average protein with y ; P ratio 17 and N : S ratio 14-5 
pWphone acid la produced equivalent to 30 cc. N alkali and sulphuric acid equivalent to 60 eo. Y 
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and its favourable effect on lactation, growth of the young and freedom from 

tumours. 

Tlie question arises whether the cliserepaiicies among these findings can be 
explained, in part at least, by the differences in the acid-base balance of the 
diets used by the various workers. Thus, Osborne et al [1926-27] supplied 
vitaniiii B partly in the form of alfalfa wdiicli would raise the allowance of fixed 
base. The evil effect of dried liver might be explained by its potential acidity, 
whereas the protective action of iinlieated liver could possibly be ascribed to one 
of the constituents of the vitamin B complex. It was considerations such as these 
which Jed to a re-investigation of the relationship of protein, acid-base balance 
and vitamin B with regard to impaired growth-rate and albiimiiiiiria. It is 
interesting to observe that Watson [1910] found softening of the bones of his 
experimental rats when he fed them on meat diets without any additional alkali. 
These changes suggest that, in the absence of basic substances from the diet, 
the calcium of the bones was mobilised for purposes of neutralisation. Pre- 
siiinably, cariii'voioiis aiiinials under natural conditions cover the acid-prodiiciiig 
eleiiieiits of their meat diets by eating bones. ^ 

The^rdle of common dietary salt mixtures in relation to the acid-base 
ineclianisiii had been touched upon by Hassaii and Drammoiid [1927], who 
found that when the growth-rate of rats w^as retarded by diets containing a large 
proportion of protein, autoclaved marmite was protective, while the ash of 
niarinite offered no protection against the inhibitory effect on growth, A special 
nephrotoxic action of cystine has been assumed by Cox et al [1929] and others 
who have observed an acute toxic nephrosis to occur when cystine is added to 
the food of ^mimg rats. The addition of 0-1 g. cystine means a virtual increase of 
1*6 cc. of iV acid. The question of cystine nephrosis has formed the subject of 
another paper [Bell, 1933, 1]. 

^ We have been in the habit of thinking that the acid-base mechanism of most 
animals (the rabbit, among laboratory animals, being an exception) is extra- 
ordinarily efficient, and that ammonia can readily be utilised when fixed base is 
deficient. However, Farquliarson et al [1931] report that, whenever there is a 
rise ^ ill the ammonia excretion there is siiiiiiltaiieoiisiy an increased loss of 
calcium. 

Experbiextal. 

Experiments were planned to determine whether the following diets could 
be improved by the addition of a mixture of sodium citrate and potassium 
carbonate: 

1. Diets containing 70 % caseiiiogen. 

2. Egg-vdiite diets: (a) containing 20 egg- white, (b) containing 66 % 
egg-white. 

1. Diets containing 70 casemoge?i. 

A. Three dozen rats were used in the first series to ascertain whether the 
preiTioiis experiences of this iaboratoi^y could be confirmed, he. that rats in- 
gesting large amounts of caseiiiogen exhibit subnormal growth, but that the 
iiiciiisioii of an additional ration of j^east overcomes this retardation of growth. 
Three groups of rats received the following diets respectively : 




X 

y 

Z 

‘'Light white casein” 

20 

70 

70 

Dried brewer’s yeast 

5 

5 

15 

Rice starch 

68 

28 

28 

Cod-liver oil 

2 

2 

2 

Salt mixture (McCollum’s) 

5 

5 

5 


90—2 
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Tlie average grov43li curves (Fig. 1) demonstrated that the diet coiitaiiiiiig 70 % 
caseiiiogeii with 5 % j^east had an adverse effect on growth, but that a decided 
iiiiproveinent occurred wdtli 15 % yeast. 

B. Several groups of rats, carefully chosen litter-iiiates, received diets Y and 
Z as above, but were further subdivided so that half of them were given eiioiigii 
of a potentially alkaline mixture to reduce the acidity of their urine almost to 
zero. The mixture of salts contained sodium citrate (10 parts) and potassiiiin 
carbonate (7 parts) ; excessive alkalmity was avoided for fear of daiiiagiiig the 
kidneys thereby; the urine, therefore, was kept just acid. The graphs in Fig\ 2 a 
show that no improvement occurred when the alkali was added; growth of rats 
ingesting diet Y was still subnormal, though, probably through some seasonal 
variation, this set of rats grew' rather more vigorously than those of Fig. 1. It 
appears, therefore, that 5 % McColhim'’s salt mixture in the diet is adequate to 
meet the need for fixed base when the proportion of caseinogeii in the food is 
70%. ^ _ 

Although the majority of the animals studied in this series gave us no reason " 
to believe that the subnormal rate of growth encountered when the diet contained 
70 caseinogeii could be attributed to the acidity, one anomalous result must be 
mentioned in wdiich a number of rats, obtained from a dealer, behaved rather 
differently. Those being fed on diet Y without alkali grew more slowl}^ than 
those consuming the extra mixture of potentially alkaline salts. But as this 
result could not be repeated, w^e w'ere compelled to regard it as purely fortuitous. 

Incidentally, the graphs in Fig. 2 6 show that the addition of alkali to a 
70 % caseinogeii diet containing 15 % yeast does not enhance the growth still 
further; nor does it produce supernormal growth when compared with the rate 
of growth when caseinogeii constitutes 20 % of the diet. 

2. Egg-white diets. 

Confirmation has been obtained of the observations of Bateman [1916], 
Boas [1924; 1927], and Parsons [1931] that uncoagiilated egg-white in the food 
of rats rapidly causes diarrhoea which is fatal if the diet is not amended. 

In the experience of Boas with 20 % egg-white, coagulated and dried in an 
oven, then added to the food, rats grew' noriiially at first, then declined and died; 
against this adverse effect, certain varieties of starch w^ere protective. In the 
following experiments, carbohydrate was therefore supplied in the form of cane 
siigai , as had been done by Parsons. Chinese egg- white was prepared in one of tw^'o 
W'ays— it was coagulated and finely minced; or coagulated, dried at 80° and finely 
ground. Using the egg-wdiite prepared as above, diets were compounded of : 

% egg-wdiite (dry basis), 


68 


/o cane sugar, 


5 % dried brew'er’s yeast, 

5 % McCollum’s salt mixture, 

2 % cod-liver oil. 

The^ severe effect reported by Boas failed to occur. There was, however, 
diminished growth-rate compared with that of animals ingesting food con- 
taining 20 % caseinogen (Fig. 3). No improvement was induced by adding 
alkali to the food. Hence, the depresised growth rate resulting from diets con- 

‘a^iiimg w, egg- W' bite cannot be attributed to the acidogeiiic properties of the 

cystine in which it is rich. 

1 . .. Y experiments of Parsons, using 66 % egg-white (dry 

basis), mth and without potential alkali, and found that no amelioration took 


Weight in 
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place wlieii the diet included the extra base (Fig. 4). The finding that 5 ®/; 
McColiimi’s salt mixture was adequate to cover the acid produced by the iiieta 


lOOl- 


20 day; 


!0 egg-wh-ite 

20 % cgg-whilc + alkali 


20 day 


bolism of 66 % egg-white in the food thus dismissed the original idea of the 
research. What follows, therefore, is a digression in which egg-white diets are 
discussed. 
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Not only did we use egg- white, coagulated a,iid dried at 80"’, according to 
Parsons’ method of preparation, but also egg-white coagulated and minced' 
Both Chinese and fresh egg-albumin gave, as Parsons found, comparable results* 
Care was taken not to overheat the egg-white. The food consisted of: 

66 % egg-albumin (dry basis), 

22 % cane sugar, 

5 % salt mixture (McColliim’s), 

5 % dried brewer’s yeast, 

2 % cod-liver oil. 

With our experiments, one group of rats exhibited considerable resistance to the 
diet; this group, charted in Fig. 4, failed to develop the acute nephritis which 
Parsons had observed ; they grew comparatively well, and, most of this group did 
not get the pellagra-like condition which she described. Two individual rats 
however, which merely maintained their weight at about 60-80 g. for twelve 
weeks, were affected wdth the scaly and gangienous condition of the tail which 
has now been observed on a variety of diets, and which, in this laboratory’ we are 
inclined to attribute to chronic malnutrition arising from the absence of one of 
tlie vitamin B factors. 

Another set of animals, however, also receiving the 66 % egg-white diet 
manifested at an early stage the symptoms of acute nephritis as' described bv 
Parsons, and most of them died (Fig. 3). The urinary findings included albumi- 
epithelial casts, red blood cells ; and in addition determinations 
of the blood-urea gave the high average figure of 131 mg. per 100 cc. blood. 
Consistent y with this, the “elinical” symptoms were drowsiness and anuria, 
while the kidney sections showed acute nephritis. But the feature which we 
thought significant about the results was that one or two animals recovered 
wit lout any alteration in the diet — a fact already observed by Parsons in the 
case of egg-white diets; similar recovery has also been reported by Cox, Smythe 
and Iishback in the case of cystine nephro.sis. The kidney symptoms of such 
lats as did not die cleared up, and the animals continued to maintain their 
weight. The idea became insistent that the probable explanation of the train of 
events was that a septicaemia had occurred; that the kidneys had been inci- 
deiiMly affected; and that when an immunity had been established, recovery 
■-ook place. An attempt was made to determine whether there was a blood 
infection; seven of the affected animals were killed with chloroform, and blood 

c!iw ® one grew a streptococcus, another 

Pvt! ^ r?i were therefore inconclusive. A possible 

p anation of this hjrpothetioal septicaemia was sought in the altered conditions 
- tile nitestine,_as a breeding ground for bacteria. It will be seen that the animals 
vhieh were doing comparatively well on the 66 % egg-white diets exhibited 

o™^es (Fig. 4) ; and moreover we observed that they 
that for ° ^ mtermittent diarrhoea. The possibility suggested itself 
that, for some unexplained reason, egg-white was perhaps less readily digested 
and that this might make for a greater percentage of pro- 
detmnTnrlf products in the mtestine. It became interesting, therefor^ to 

cSected ilS U T faeces, and it was found that excreta 

r developed nepliritis contained approximately 

ner a V animals eating the stock diet were excreting 0-02 g. N 

1 ' • ^ T ^ animals which had recovered, the quantity of nitroo-en 

tang excrgW from th. intostm. beo.m. O-OS g‘ 
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intestine responded by increased activity. Similar estimations of nitrogen on tlie 
excreta of rats ingesting 70 % caseinogen gave the average figure of 0-03 g. 

With the presence of excessive nitrogenous material in the gut, there was the 
likelihood of increased numbers of putrefactive organisms in the intestine. The 
urine was found to give a highly positive test for indican as compared with the 
iiriiie of rats being fed on the 70 % caseinogen diet. Even the rats which were 
doing comparative!}^ well on the egg-white mixture always gave a strongly 
positive test for indican. Possibly, this gives a clue to the severity of the results 
of an egg-wdiite diet as compared wnth other high-protein diets. The underlying 
effect is perhaps the presence of substances like cystine which alter the oxidation- 
reduction potential of the gut, and so favour the growth of specific types of 
organisms. Work on in vitro cultivation of anaerobes by Lepper and Martin 
[1929] has demonstrated that, for example, the addition of cooked muscle to 
culture medium favours the growth of anaerobes. It seemed reasonable to infer 
that the severe diarrhoea attendant on the administration of uncoagulated egg- 
albiimiii was only an exaggeration of this state of affairs ; that since raw egg-white 
is not readily acted on by pepsin-HCl, as Bateman observed, there is an in- 
creased chance for bacterial multiplication in the intestine. Feldman [1920] 
Cjiiotes Dement jeff as stating that giving the raw whites of two eggs to a baby 
resulted in the appearance of indican in the urine. Recently, Nedzel and 
Arnold [1930-31] have shown that in the presence of imcoagulated egg- white, 
the permeability of the intestine to B. prodigiosiis is increased. 

Urinary examinations . 

During the course of these feeding experiments, the rats were put into meta- 
bolism cages for the purpose of testing their urines for 'Total acidity’’ and for 
albumin. It was observed from estimations of acidity and ammonia that the rat 
is well able to utilise ammonia as a base. It was also obvious that considerable 
amounts of calcium could be absorbed into the blood stream and excreted by the 
kidneys; this wuxs true whether the calcium was given as lactate or carbonate. 
Thus, when some stock rats were being compared wdtli animals on the experi- 
mental diets, it wxxs found that calcinm carbonate became deposited on th(3 
funnel and urine trap, and the urine, even in the presence of tolucuie, becaiiic3 
alkaline on standing. Presumably, this calcium was excreted as the bicarbonate. 
That rabbits can absorb calcinm given as carbonate has been demonstrated b^r 
McGowan et al, [1931], who incorporated it in the diet and found that the rabbit’s 
urine after standing contained a deposit of calcium carbonate. This ability of 
the rat and of the rabbit to absorb calcium given as carbonate from the alimentary 
tract seems worth mentioning in view of the belief commonly held that human 
beings have difficult}^ in absorbing calcium. 

Tests for albumin in the urine revealed the fact that mature male rats 
normally excrete about 0*5-0 *8 g. albumin per litre of urine, but that the urine 
of females is generally free from albumin. The results of a study on this point have 
been published in a separate note [Bell, 1933, 2]. Females ingesting the diets 
which contained a large proportion of caseinogen excreted no albumin; and no 
increase occurred under these conditions in the amount excreted by the males. 
From urinary examinations no evidence of kidney derangement was obtained. 

Estimation of blood- urea. 

After the animals had been fed for six months on the diet containing 70 % 
caseinogen, their fasting blood-urea was determined; they were fasting for six 
hours before being killed with chloroform. The average blood-urea for the 
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group receiving additional allrali was 39-9 mg. per 100 cc.; for those without 
alkali, the average was 41 mg. ; for a control group of whose food the protein 
constituted 20 %, the average was 42 mg. Blood analyses by Jackson [1924-251 
and by Osborne et al. [1926-27] showed that rats receiving high protein diets 
h ad a higher level of non-protein-nitrogen and of urea than rats ingesting normal 
a mounts of protein ; their animals were presumably not fasting. Addis, MacKay 
and MacKay [ 1 926-27] have already demonstrated'' that the non-protein-nitropeii 
level quickly falls to normal when food is withheld; this extra nitrogen appears 
to be due, therefore, to the presence of large amounts following absorption rather 
than to the inability of the kidney to excrete it. 

Histology, 

ILxciiiiiiicitioii of tlie kiclnoys of rats wliicli had rccoived food coiitainiiip’ 

70 % caseinogen for six months failed to reveal any pathological chano-e.^ 
According to Newburgh, it requires a longer period than six months’ feedino- with 
excessive caseinogen to produce degenerative changes. “ 


SiTMMAEY. 

1. The experience of those workers is confirmed who find that rats exhibit a 
subnormal rate of growth when fed on diets consisting largeljr of caseiiioo-en and 
containing the usual proportion of yeast serving as the source of the vitamin B 
complex, and who also find that the inclusion of further proportions of yeast 
supplement renders the high -caseinogen diet adequate for growth. 

2, The addition of potential alkali to diets containing a large percentac^e of 
caseinoge.ii or coagulated egg-white does not improve the growth-rate ^Tlie 
presence of 5 % McColliinTs salt mixture in the diet is therefore sufficimit to 
meet the need foi fixed base when high protein diets are given 

No evidence of kidney damage has been obtained in rats which have been 
leci lor SIX months on diets containing 70 caseinogen. 

4. The presence of uncoagulated egg-white in the diet of rats is rapidly 
latal, as has been found by Bateman and others. 

_ 5. Subnormal growth occurred as a result of feeding rats with diets con- 

tamnig 20 % coagulated egg-white, but the decline in weight reported b'v Boas 
lailed to occur. ox ^ 

6. Subnormal growth also resulted when the food included 66 % ego--white : 

some of the animals developed acute nephritis and died. The findings of*^ Parsons 
are therefore confirmed. 

V . Examination of the faeces for nitrogen and of the urine for indican in the 
case of ammals reoemng egg-white diets led to the belief that excessive putre- 
taction m the intestine occurs when these diets are given. 

. n-Tr to express her grateful appreciation to the Eoyal Society 

of Medicme for the scholarship which ha.s made these studies possible; to the 
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CXCV. CONDITIONS OF HYPERTROPHY OF THE 
SEMINAL VESICLES IN RATS. 

By JOHN FREUD. 

From the Pharmaco-TherapeuHc Laboratory of the University of Amsterdam . 

(Received Atayust 27th, 1933.) 

PART I. 

Voss AND L0E^YE [1931] aiul Moore and Gallagher [1930] have described certain 
restoration phenomena in secondary sex organs of castrated mice and rats 
respectively, bj' treatment with male hormone, the former authors beiim' the 
first to use changes in the epithelium of the seminal vesicles as a rapid cytoloo-ical 
test for the action of the hormone. Complete re.storation was claimed 'by Moore 
and Galiaglier [1930] to result from administration of 5 capon units dis defined bv 
Gallagher and Koch [1930]) daily for 21 days, this daily dose beinp- eqni%mleiit 

to 7-5 capon units as defined by Freud aZ. [1932]. o i- 

As will appear from the work to be described below, the male hormone is 
only one of the hormones which act on the seminal vesicles, of which it causes 
the epithelium to hypertrophy ; the complete restoration claimed by the above 
nieirtioned authors is impossible wdth male hoi’mone alone and was probablv 
o btamed by the use of preparations contaminated with oestrin or it.s homoloo-ues 
these substances alone being stimulants of smooth muscular hypertrophy. “ 

In this laboratory particular attention has been paid to parallel experiments 
on capons and on rats. The reaction of capons to preparations of differing purity 
and obtained from jarious sources jiroved to be reliable in our hands, contrary 
to statements of Korenchovsky et al, [1933], who reject the capon method as 
unreliable, and advocate testing on rats. To their statement the same criticism 
applies as in the case of Moore and Gallagher [1932]. 

In capoms gimeral conditions such as sunlight, health of the animals and 
accordmg to de Fremery [1931], thyroid function during various .seasons as well 
as the male hormone influence comb growth. It must be especially pointed 
^ ketohydroxyoestrin (menformon) in crystalline form 

I to IUUO m.u. a day has no mfluence whatsoever upon comb growth. The 
seminal vesicles on the other hand are dlstmctly influenced by menformon or 
Its homologues and as will be shmvn in Part II, these substances may be im- 

M the'latte?”^ ^ hormone at comparatively lmv do.ses 

On account of the hregular respon.se of the seminal vesicles to various pre- 
a uhifeGf impossible to estabhsh a constant ratio of minimum active 
hS^^ts w T 1 , between rats and capons. Continued fractionation 

. txiiacts iLci to their gradual loss of potency with reference to seminal vesicles 
without corresponding loss of potency m capons. The preliminary a.ssiimption 

hormone was soon replaced by 
anotliei conception, which will be presented below. 
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Choice of material, 

I Seminal vesicles are easy to prepare and they respond rapidly to castration 

' or treatment. They iiia}^ serve as indicators of the hormonic state of the genital 

system, although there are other organs, such as the preputial glands of rats, 
tiie reaction of which is not conditioned by the presence of some other active 
substance though it is less specific than that of seminal vesicles. With these 
organs we propose to deal later. 

The weight of the seminal vesicles of adult rats ranges between 120 and 
800 mg. varying with (1) secretory state, (2) size of testicle, (3) structure of 
testicle, (4) size of h^^pophv^sis, thyroid and adrenals, (5) general condition of 
the animal. After castration of adult rats the weight of the seminal vesicles 
varies from 90 to 350 ing. The atrophy does not reach a definite basic point 
even after months. There is a marked difference between rats castrated during 
infanc,y or later ; in the former the seminal vesicles cease to grow at once after 
removal of the testicles. Whilst a complete restitution of the comb and other 
male characters was obtained in capons by continued treatment with male 
liormoiie [Freud et at., 1932] it is difficult for male hormone to act on com- 
pletely atrophic seminal vesicles, just as progestin [Corner and Allen, 1929] is 
potent only after preparation of the muscular tissue of the uterus of infantile 
rabbits by oestriii. The seminal vesicles of rats castrated during infancy may be 
[ taken therefore as indicators, not of male hormone only, but of complete testi- 

cular activity. This idea is supported by experiments on senile and on iion- 
1 castrated infantile male rats with gonadotropic substances, which, stimulating 

the whole of the testicle, lead to an almost complete (precocious) development 
of the seminal vesicles [de Joiigli, 1930]. 

On these groimds we decided to use infantile rats as test material and 
simplified the method by beginning their treatment almost immediately after 
I castration, instead of awaiting maturity. In these animals we aimed at forcing 

‘ a precocious development of secondar}- sex characters. IJnder these circum- 

stances the weight of the seminal vesicles is the first indicator of the effect of 
a certain treatment, the histological picture being used for the analysis of their 
growth. 

Technique. 

25-45 g. (3-5 weeks old) rats are castrated hy the traiisserotal route. There 
is no .bleeding; one stitch closes the wound. This operation has the object of 
preventing spoiitaiieoiis genital development during the experiment. Three days 
later a course of 8 injections is started, litter-mates as far as possible being 
equally distributed between experimental and control groups. Twice a day 
0*1 cc. liquid is administered subcutaneously. On the day following the last 
injection the animals are killed with, chloroform. Both seminal vesicles are cut 
out in one semilunar piece and weighed on a torsion balance immediately after 
removal. A narrow bridge of prostate tissue connects the two lobes. Form- 
aldehyde is used for fixing and liaematoxylin-eosin for staining. 

Histology of seminal vesicles. 

Seiiiiiial vesiele^s have a peritoneal covering, connective tissue stroma with smooth nniscle 
tissue imbedded therein, a small zone of subepitlielial stroma and a single layer of cylindrical 
epithelial cells lining a sinuous cavity. In moderate hypertrophy the sinuosities are macro - 
scopically visible. 

Hypertrophy. Muscle cells large, with bright nuclei. Frequent mitoses. Epithelium high 
cylindrical, with basal nuclei reaching to 1/3 or 2/3 of the total height of the cells and leaving 
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a protoplasmic margin free towards the cavity. Mitotic cell divisions characterise the begimiino- 
of hypertrophy, they diminish later on. The cavity contains basophilic, homogeneous secretion '’ 
.Urojihy. Small muscle ceUs rvith dark nuclei, low epithelium of cubicarcell form, without 
lirotoplasmie margin, the nuclei fiUing the cell bodies almost completely. No mitoses, only 

sporadic pyenosis of nuclei, imitating cell division. ‘ 

_ Muscular hypertrophy does occur without epithelial development, while epithelial hypertrophy 

vfitJioiit a eertaiii iiiiiscular development was never observed. 

A^yparent paradoxical effect of menformon. 

Jii a jrrevioiis paper [Freud et al, 1933] muscular hvpert.rophy of seminal 
vesicles under the influence of menformon (ketoliydroxjmestrin) u^s described 
under tins heading. Male and female hormones are produced in both sexes in 
approxunately equal quantities, as judged by their excretion in the urine of 
iiiales and iion-pregnant females. The rivo substances are distinctly different 
piiarmacologically, they act on different tissues. The effect of menformon in 
males is only apparently paradoxical. 

W eight of seminal vesicles. 

In Table I 32 untreated castrated male animals are classified according to 

body weiglit and weight of the seminai vesicles. 


Body 

weight 

g- 

21-25 

26-30 

31-35 

36—40 

41-45 ' 

46-50 

5 1-55 
Total 


Table I. 

Weight of seminal vesicles (mg.) 


1 (May) 
1 (July) 


4-5 

2 (Feb.) 
1 (July) 

1 (May) 


I (F eb.) 


5-6 

1 (Feb.) 

1 (Jan.) 
1 (May) 


1 (July) 

1 (Mar.) 

2 (May) 
1 (Feb.) 
1 (July) 


7-8 


2 (July) 

2 (Jan.) 

2 (Feb.) ■ 
1 (Feb.) 

1 (Ma3d 
1 (Feb.) 

l(Mar.) 


8-9 

1 (.July) 


9-10 


1 (Maj-) 1 (Feb.) 


1 (Mar.) 
I (July) 


Total 

3 


13 

4 


10 


1 (May) 


3 

3 


10 mT™ <5onel<ide that seminal vesicles weighing more than 

lai DyheTSmT^ m aMmalg of less than 55 g. Wallen-Lawrenee and 
h infantile non-castrated rats below 40 g. body weight 

have semmal vesicles of an average weight of 9-24 mg. Our material witli 

dfffemi<ifdno?i'm Geographical and racial 

of cSated nurl nf f l^^ve ay noticeable influence. The seminal vesicles 
oi castiated and of mtaet mfantile males between 25 and 45 o- bodv weight 

SirnoS i*! ®®*°^°gi«ally no large difference exists eitLr. with 

the possible exception that nuclear pycnosis occurs in castrates only. 

How does male hormone act ? 

decitsTSSt epithelium of the seminal vesicles 

the relation between w is potent or not, the question of 

responsfmav degree of epithelial 

number of mffoses Tu +V criteria: height of epithehum and 

plasmicmargineSSrSIhffdiir^^^^^ whenever the proto- 

is discovered per visual field at a modeLTe 
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The photomicrographs represent seminal vesicles of infantile castrated male rats. 1, 2 and 3 all 
at the same low magnification. 

Fig. 1. Without treatment ; atrophic smooth muscle and epithelium. 

Fig. 2. Treatment with menformon; hypertrophic smooth muscle, atrophic epithelium. 

Fig. 3. Treatment with male hormone combined with menformon; totally hypertrophic seminal 
vesicle with ramified lumen and secretion. 

Fig. 4. The same preparation as Fig. 3 at higher magnification, showing details of hypertrophic 
epithelium (note mitoses). 
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111 Table II 94Q, animals are classified according to weight of seminal vesicles 
and positive or negative response of the epithelium. From this we see that 
epithelial responses become positive between 16 and 19 mg., while above 20 mg. 
with one exception," no negative response occurs. Positive responses below 
14 mg. are exceptional. From this table it appears reasonable to assume 19 mg. 
as the ‘positivUy limit. 

Table II. 

Weight of 

seminal Epithelial response Percentage 

Tesicles ^ ^ Number of 

animals 


Negative 


Positive 


Positive 


34-35 

36-37 

38-39 

40 aiid more 
Total 


Sixty-four aiiiiiials are not classified in Table II, because the treatment of 
these marks them as a special group. Their epithelial response was consistently 
negative, although the weights of their seminal vesicles were between 14 and 
30 mg. They were treated with one of the following kinds of preparations: 
(1) impiirified or crystalline oestriii (menformon); (2) crystalline inenibrmon 
plus siibtliresliold doses of male liormone; (3) oestrin fractions of male urine 
after separation fro'm male hormone. 

Table III shows the distribution of the cases according to the weight of the 
seminal vesicles. 

Table III. 

Weight of the seminal Number of (negative) 

vesicles in mg. epithelial responses 

14- 15 1 

16-17 4 

15- 19 28 


■ From Tables II and III, the following conclusion seems justified. In low 
doses male hormone is inert. In comparatively high doses, in seminal vesicles 
of above 14 mg. weight, the freqiienc^?^ of ''positive^’ epithelial responses increases 
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I'apidly until above 19 mg. practically all the reactions are positive. However 
there are doses of male hormone insufficient to produce epithelial chano-es 
but just sufficient to help oestrin in producing muscular hypertrophy Hence 
in seminal vesicles between 14-30 mg. histological control is'advisable'to detect 
whether the effect is merely due to oestrin and subthreshold doses of male 
hormone, or whether the dose of male hormone was sufficient to cause epithelial 
hypertrophy. Of course not all animals respond to threshold doses. 

Reliability of the reaction. 

Three criteria are decisive with reference to this question, 
m, Individual res-ponse variations within one group of experimental animals 
Ihis cntenon is in favour of reliability in a large majority of the seminal vesicle 
reactions. 

(2) Imreasirm response to increasing doses. Only those experiments are to 

be used tar comparison wliicli were carried out at the same time, so as to exclude 
group variations due to circumstances changing with time. 126 serial exDeri" 
meiits w.itli two or more doses and with exclusion of all those cases where all 
doses 'were siibtlii'esliold jdelded the follov^dng result : 


■Higher close — increased response 
Bifferent doses — equal response 
-Paradoxical result, higher dose, breaker response 


Times 

87 

24 

15 


Percentage 
69-05 
19-05 
11-9 


The doses vaned as 1:2: 4:8 and so on. A group response of otherwise com 
parable animals was considered different when weight differences of the seminal 

■vasieles averaged more than 2-3 mg., or when histology gave the impression 
of higher intensity of response. « ine impiessioii 

(3) Reprodmibihty of results. This criterion includes the time factor of 
response, ov times threshold, doses of the same fractions of a preparatimi were 
admunstered repeatedly to groups of rats during different weeks. 21 experi-' 
ments were discrepant, 36 yielded identical results. Of these latter h3er 

ne^tiii of doubtful value in this con- 

„ . ,, ‘ ^ cntenon is thus unisatisfied, at least as long a.s the exact 

amounts of oe-strin contaminating our preparations are unknown. 

Influence of body iveight and growth. 

is indicat?^ f body weight upon the growth of seminal vesicles 

indicated. Tl is table is constructed a,s foUows ; 3 animals of one experiment are 

etafied .. -hgl,,.-. ..medium- .„d ~„eavy» i., ,1., co™spo„di„rh"So„t»l 

Table IV. 


V eight of seminal vesicles 


AVeight of aiiimais 
Light 
Medium 
Heavy 


Light 

235 

109 

107 


Medium 

95 

109 

75 


Heavy 

107 

88 

264 


Total: 1189 


V *be columns according to the weight of their respective 

th. ai ™?mfrwhr't “ bT with the two otLrs of 

« pZrf V “Slit., thoy 



PART IL 

Tills jiart deals witli the experimental determination of the role of the 
follicular hormone (oestrin) in the development of seminal vesicles. 

Varying potency of capon units of male hormone in rats. 

Forty-one preparations and fractions of male hormone, extracted from 
testicles and from male urine, were tested on capons and on rats. In Table VI 
the comparative values of potency in these two kinds of animals are noted. 
Standardisation could not be done completely in all cases, the probable minimiiiii 
active quantity is in many cases more or less than the one noted in the table, 
both ill rats and in capons. Yet from the figures it is apparent that a more 
exact determination would have made the irregularity of resjionse of rats in 
most cases still more marked. 

A; large number of preparations, obtained by the same procedures as those 
noted ill Table YI, were tested on rats only. While the quantity of male hormone 
ill such preparations, whether obtained from urhie or from testes, when deter- 
mined the capon test, became with increasing experience almost constant, 
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Table TV refers to 1189 animals, treated with potent preparations, showing 
a iiiai*ked teaidencj^ to respond better with increasing iveight. By considering 
the dia.goiial of this table from left above to right below as the median line of 
iioriiial reactions and taking the sum of the figures along it and along the lines 
parallel with it, the following frequency range results: 107, 184, 608, 183, 107. 
Idiis is a normal or a Gauss freciuency curve, in which the summit is along the 
diagonal connecting those values which show that larger animals tend to react 
more strongly than small ones. 

Similar conclusions ma}^ he reached by considering the influence of growdli 
of the animal during the experiment upon grewth of the seminal vesicles. This 

is sliowii ill Table V, 

Table V. 

Weight of seminal vesicles 


Growth of animals 

Light 

Medium 

Heavy 

Small 

221 

84 

148 

M'.ediuni 

81 

81 

84 

Great 

143 

99 

220 Total: 1161 


Frequency distribution along diagon.als: 143, 180, 522, 168, 148. 

From these figures we see a tendency- for the seminal vesicles to grow most 
ill animals wdiich themselves grotv most. 

The conditions for optiniimi growth of seminal vesicles are present in corn- 
par ativel}- large and actively^ growdng animals. By introducing body?" growth 
as^ e^ssentially- affecting seminal vesicle response to treatment, the existence of 
a imiiiber of external and internal factors is revealed in these experiments. 
These again account for the extraordinary- variability- of the reaction and for 
tlie difficulty- of reproducing threshold reactions at different times. The influence 
of Irypopliy-seal (growth?) factors upon this reaction will be discussed in another 
pa];)er. The iiecessit,y of a large number of experiments preceding anyr kind of 
consistent conclusion is explained hy these circumstances. 
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Table VI. 


g. tissue g. tissue 



con- 

con- 

1 capon 

Prep. 

taining 

taiiiing 

unit equal 

from 

1 capon 

1 rat 

to rat 

testis 

unit 

unit 

units 

107 

100 

100 

1-0 

112 

20 

10 

0-5 

113 

50 

150 

3-0 

114 

100 

>20 

>0-25 

131 

so 

20 

0-2 

141 

50 

15 

0*3 

143 

50 

20 

04 

147 

25 

40 

1*6 

167 

<?50 

50 

>1-0 

273 

50 

>50 

>1*0 

Z 4 

50 

25 

0-5 

Z 7 

25 

25 

>1-0 

Z13 

25 

>40 

>1-6 

338 

50 

80 

1-6 

3oS 

50 

>50 

>1-0 

Ho 

50 

80 

1-6 

470 

100 

>100 

>1-0 

491 

50 

>50 

>1-0 

510 

50 

>50 

>1-0 


Prep. 

from 

urine 


Litres 
urine 
con- 
taining 
1 capon 
unit 


Litres 
urine 
con- 
taining 
1 rat 
unit 


1 ca|:)oii 

unit equal 
to rat 
units 


120 {II) 

2-0 

04 

<0-2 

139 (I) 

0-5 

>0-5 

>1-0 

149 (I) 

0-5 

0-8 

1-6 

178 (I) 

0-5 

0-4 

?l-0 

178 (11) 

5-0 

>1-0 

?0*2 

294 (II) 

1-0 

>1*0 

>1-0 

315 

2-0 

2-0 

1-0 

315 (II) 

2-0 

>4-0 

>2-0 

Z12 

<0-25 

<2-0 

?()4 

Z 15 

2*0 

0-1 

0-05 

Z 16 (I) 

1-0 

>04 

>0-4 

Z22 

0-2 

0-2 

1*0 

Z26(I) 

3-0 

>04 

0-1 4 

Z 26 (II) 

3-0 

>04 

>0-14 

390 

2-0 

>04 

>0*2 

390 (II) 

2-0 

>04 

>0-2 

390 (II) 

2-0 

>04 

> ?0-2 

455 

0’5 

>04 

>0-8 

455 (II) 

0*5 

0-2 

>04 

459 

0*5 

>0-2 

>04 

459 (II) 

0-5 

>0"2 

>04 

514 

0-5 

0-8 

?l-6 

ts remained 

very ^-^ariable; 

iience tli 


1. , tiiu preparanun oi male Hormone active in 

birds must be considered inadequate for obtaining a product, which is fully 

of results, by improved methods the number 

Pace-7naJcing, 

sections the importance of ketohydroxyoestrin for seminal 
' ..ides has been emphasised. Besides this form of oestrogenic material other 

rSrSsrmdTr.' mSn ®"tenandt and Marrian 

LLLjlJ, iJoisj and Tliayer [1931], Girard et al [1932], de Joiigli et al [19311 and 

of ™«lll * ^ ditiepent oestrogenic potencies. The procedure of piirificUion 
hormone mcludes the elimination of these substances asl^ell as of 
. nfoimon. Quantitative data with reference to the biological potency of these 
Thf™;.rert^’ bmompletely defined blologiSdefSct^ 

systemJtic stnd^ in experiments such as are noted in Table VI led to 

sjstcmalic studj. of ty mfluence of elimination of oestrogenic material and 

thehuSrof uTf “f ! preparations. It was ascertained that 

mate a teVS ^ their freedom from oestrogenic 

_ atenal. Aeparatioiis, which as crude extracts were potent both in rats and 

finm^hTfolbnlu^.T^ “ ^mi “ fractions after separation of the male 
Xn etw f " containing the male substance 

SS o Sawai^Sn ^ extract. 

bi reSmWntrtiir w f °«ghial activity in rats 

»pa„.etZl VibVn r " 
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Table VII. 



Fraction of urine 

Daily dose 
in litres 

mg. seminal vesicles 
found in rat 

Histology of 

r 


extract 

of urine 

I II 

III 

epithelium 

I {male hormone) 

0-1 

9 9 

— 

Negative 

0-2 

10 10 

— 


04 

12 7 

9 

“ 

II (follicular hormone) 

0-1 

14 11 

14 


0-2 

11 16 

— 

Negative 


04 

— 19 

16 

III (I + 11) 

04 

23 13 

— 

— 

0-2 

24 20 

— 

Negative 


04 

27 25 

— 

— 


From this table we see a considerable weight increase of the seminal vesicles 
i after recombining the two fractions of the same preparation. The epithelium, of 

i these organs was “negative,” while the smooth muscular tissue of group 

III ill all cases juelded the picture of an intensive menforinon effect. From 
Table VI it can be seen that Z 26 was a very weak preparation as far as male 
hormone is concerned and compared with other extracts of urine. (In Table VI 
the preparations marked with II are oestrin fractions, these being almost inactive- 
in capons.) Apparently a small amount of male hormone, insufficient to affect 
the epithelium, may reinforce considerably the effect of oestrin upon the smooth 
muscle tissue of the seminal vesicles. 

Ill Table VIII a case of combination of male hormone extracted from 
testicles with a menformon fraction of urinary extract is presented. (The latter 
is the same as in Table VII.) 


Table VHI. Preparation S38 and Z 26 {II). 



"Urine litres 

mg. seminal ^ 

msiele found in rat 


Capon units dai'iy 

equivalent daily 

r 

— 

— 

of 338 

■ of Z 26 (II) 

I 

II 

III 

0-2 

— 

17 

9 

7 

04 

— . 

17 

14 

12 

0*8 

— 

14 

17 

10 

0-2 

04 

20 

25 

21 

04 

0-2 

24 

25 

28 

0-8 

04 

30 

34 

40 


This experiment was done in July 1931, when we still thought that seminal 
vesicles weighing more than 19 mg. have always a “p^sRNe” epitheliuiii. Later 
a few of these organs wvwe investigated again. It was found that the one 
weighing 30 mg. (see Table VIII) also had “'negative” epithelium. Again male 
hormone of relatively low potency reinforced the effect of oestrin upon smooth 
muscle tissue. The final proof that the' effect of male hormone was also benefited 
by the combination with menformon, was obtained from experiments where 
male hormone was combined with cr^^stalline menformon. These experiments 
are presented in Table IX. In this Table, whenever histological investigation 
was done, the negative (— ) or positive (+) epithelial response is noted. 

Ill Table IX only 27 parallel experiments on 3-12 animals each are pre- 
sented, while 11 preparations of male hormone of vaiying purity were tested. 
These preparations were combined with doses of crystalline menformon varying 
from 6 to’ 100 units a day. A la,rge number of similar experiments done later 
confirm these results. 
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Table IX. 




Average 



Average 



weight 



weight 

1 Vt‘parit,tioii 


seminal 

Histol. of 

Additional 

seminal 

of !iiai<^ 

Capon units 

vesicles 

majority 

menformon 

vesicles 

bonii one 

daily 

ill mg. 

of cases 

M.u. daily 

in mg. 

loS 

0*75 

7-8 


6 

7*5 

167 

2*0 

29 

■f 

6 

24 

338 

0*4 

12 


10 

12 

15 

167 

1-0 

20 

+ 

15 

514 

0*8 

12 

_ 

20 

11 

149 I 

0*2 

7-5 

_ 

30 

8 

167 

0*2 

11 

— 

30 

16 

358 

0*25 

10 

_ 

40 

21 

358 

0*5 

14 

- 

40 

20 

338 

0*4 

10 

_ 

50 

17 

358 

0-25 

11 

_ 

50 

17 

22 

147 

0*4 

17 


60 

358 

0-25 

11 

_ 

60 

28 

35S 

05 

14 


60 

22 

470 

470 

1-0 

6 


60 

15 

0-8 

6 

— 

60 

13 

491 

i-0 

19 


60 

20 

491 

45o 

0*75 

0*2 

10 

10 

- 

60 

60 

15 

15 

459 

0-17 

10 

_ 

60 

19 

459 

459 

459 

459 

338 

338 

0-2 

04 

0-8 

1-0 

0-2 

04 

9 

7 

9 

17 

11 

12 

■f 

60 

60 

60 

60 

100 

100 

14 

16 

16 

26 

14 

23*5 

338 

0-8 

14 


100 

24 " 
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Less than 40 M.u. of menformon seem to have no effect when combined with 
male hormone. 60 units a day regularly reinforce the seminal vesicle reaction 
{oi another 30 similar experiments 23 showed this phenomenon). The number 
ot positive epithehal responses also mcreases, though less regularly. 0-4 capon 
unit of male hormone without oe.strin hardly ever produces seminal vesicles 
ot more than 14 mg in o days, wdiile 1-6 units a day are a dose, wiiich with 
some regularity melds appreciable growth of the seminal vesicles without the 
aid of oestrm. In the majority of cases 0-4 unit, reinforced by 60 units of men- 
lormon, is sufficient to produce the weight of seminal yesicle.s at wiiicli positive 
epithehal response seems to be possible. From these data we may conclude that 
meifformon mcreases the effect of male hormone about 4 times. A simple 
nA Tu increased reaction, first because menformon has 

+h epithehum of semmal vesicles even in much larger doses 

further because 60-200 M.r. of menformon alone 
tested m _^4_ animals juelded only exceptionaUy seminal vesicles of more than 
11*0 mg. in 0 days. 

tion^Tavir?”^ may thus be characterised as follow^s : our male hormone prepara- 
mice{ of menformon (as tested in castrated 

of seLiml -CA crystalline menformon upon the smooth muscle tissue 

°n tlS, res^rf ® P uf ^ reinforce each other’s activity 

this icspeet. Epitliehum of semmal vasicles is influenced only bv male 

midiSr Oir^f r to depend on man; a^cessorv 

tl.e tunhia] dimension of the non-epithelial tissues of 

positiw enitheh ri according to our experience the frequency of 

fiositu e epithehal responses increases rapidly in seminal vesicles of niore than 
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19 mg. weight. Tlie considerable luimbor of cases in which (at least in infantile 
rats), in spite of comparatively large seminal vesicles, no positive epithelial 
response occurred proves that the size of seminal vesicles and a certain aniomit 
of male hormone are not 3^et always sufficient for a positive epithelial response, 
therefore this cannot be considered as a reliable test for male iiormone as long 
as the role of other effective agents is not elucidated. 

Besides meiiforiiioii trihydroxyoestrin (Marrian) (crystals of Marriaii) was 
tested in pace-maker experiments. Two preparations of male hormone (338 and 
358) were used in these experiments. Their effect, when given alone, maj- be seen 
in Table IX. Table X shows the results of these experiments. 


Preparation of 
male Iiormone 

Capon units 
daily 

Table X. 

y-Trihydroxy- 
oestrin daily 

Average weight in 
mg. of seminal 
vesicles 

Histology 

338 

0-4 

1 

14 

_ 

338 

0-4 

3 

12 

_ 

358 

0*3 

4 

15 

_ 

358 

0-3 

5 

17 


358 

0*5 

5 

22 


338 

04 

5 

15 

n~ 

338 

0-3 

5 

11 


338 

0-3 

6 

17 


358 

0-2 

10 

20 

4- 

338 

04 

10 

18 

j- 

338 

0*8 

10 

21 

4- 

338 

04 

20 

15 

4- 

338 

0-8 

20 

18 

4- 


From these data the conclusion seems justified that trihydroxyoestrin, when 
combined with male hormone, reinforces seminal vesicle response to about the 
same extent as meiiformoii (ketoliydroxyoestrin). A contamination of the pre- 
paration of trihydroxyoestrin with menformon could not possibly account for 
this result, because both preparations were tested on castrated female mice and 
the oestrogenic potency of the trihydroxy preparation was so Aveak that 20 y 
did not correspond to more than l-5y menformon, i.e. about 15 units. This 
amount of menformon is too little for pace-making. The possibility of contamina- 
tion of both with a very active third substance still deserves consideration. 

For trihydroxyoestrin this is a new biological effect, which if confirmed 
might serve as a method of testing. The fact that related compounds with com- 
paratively low oestrogenic ' potency have about the same pace-maker effect as 
menformon, might perhaps account for comparatively strong responses of seminal 
vesicles to crude testicular extracts, while the testicle is known to contain ver\^ 
little actual oestrogenic substance. It has hitherto been impossible to determine 
quantitatively the non- oestrogenic compounds in various organs on account of 
the ahead}?" mentioned lack of an adequate biological method for testing them. 
Triliydi'oxyoestrin when injected alone has, in doses of 4-lOy daily, the same 
effect as similar doses of menformon, i.e. the seminal vesicles show a slight 
iiiiisciilar hypertrophy, and their weight reaches in o days an average of 11*5 mg. 

An attempt to analyse pace-making. 

The following experiment was done in order to ascertain whether pace- 
making depends on siniiiltaneoiis administration of the two hormones involved 
or not. 30 rats were castrated, 15 of these were treated during 6 days with 
60 M.u. of menformon daily, 15 left without treatment. On the 7tli day the 
first group of 15 was divided into three groups of 5, their treatment with 
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nienformon was stopped, they were treated daily, as usual, with 0-2, 0-4 and 
0*8 capon unit of male hormone respectively, wiiile the group of 15 animals 
which were hitherto without treatment, w-ms also divided into three groups 
of 5, to which the same doses of male hormone as to the first three groups and 
additional, 60 units of menformon daily were administered. On the 5th day of 
the second stage of this experiment the animals w^ere killed. The result is shown 
iiiTaWeXL 

Table XI. 

Average weight in mg. of seminal 
vesicles after treatment 


Capon units daily 
0-2 
0*4 
0-8 


In 2 stages 


Siiniiltaneoiisly with 
2 hormones 


Only one of these groups showed histologically positive epithelial response, 
t’iz. that treated simultaneously with nienformon and with the highest dose of 

male liornione. 

A treatment wfith nienformon preceding that wdth male hormone does not 
yield t,he same strength of pace-maker effect as does the simultaneous treatment 
with both hormones. 

A nomalous histological 2^henomena. 

Ill 58 groups of 3 or more animals treated by mixtures of male and folli- 
cular liormoiies, the seminal vesicles exhibit a partial dotaciinicmt of their 
epithelial lining from the ivali of the organs. The rounded cells are coii- 
giomeratecl in the centre of the lumen. This result occurred only twice 
after exclusive treatment with male hormone extracted from testicles*; it was 
observed 56 times in cases wdier© male hormone ivas combined with crystalline 
or non-crystalline oestrin and with trihydroxyoestrin. By prolonging combined 
treatments the regularity of ^ this ^occurrence is enhanced. The phenomenon 
I'lardly ever occurred wdiere a ^‘positive” epitheHal response was obtained with 
male horinoiie. It is ascribed to an unbalaiiced influemce of oestrin* Similar 
epithelial changes, not unlike tumours, wore observed in rabbits’ uteri after a 
treatinent with several thousand units of follicular hormone for a few^ months. 
Batdy de Joiigh in our laboratory (unpublished results) observed not only 
epitlieiiai degeneration, but also a metaplasia from coluiiiiiar to stratified epi- 
tiieuum in the proximal pa.rt of the seminal vesicles of mice and rats after 
prolonged treatment wdth oestrin. This significant result wdll be extended and 
piif3lislied in due course. 

Discussion. 

1 optimum growdh of seminal vesicles under artificial conditions is not to 
be obtained by treatment with one hormone only {e.g. the male horiiioiie). The 
etrect ol this substance upon smooth muscle tissue is only moderate, its main 
point ot attack being the columnar epithehum. Oestrin and its various liomo- 
ogiits. O’ wdiich only^one is mentioned in this paper (trihydroxyoestrin), act 
upon smooth muscle tissue, while they either do not affect columnar epithelium 
or iiidiic^ degeneration. The structures resulting from forced treatment with 
these substances are somew^hat reminiscent of tumours and open a possible 
deyeiopiiient of tumour pathology. 

oftect of foUicular and male hormones upon seminal vesicles 
ua icin orcement of each other’s actions. For this phenomenoii the 
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expression '^pace-making’’ is suggested. Complete restitution of seminal vesicles 
in' animals castrated -while they were immature and treated after thej^ became 
adult was not obtained even by combined treatment. This fact indicates already 
that coiiipoiinds should be sought amongst the homologues of oestrin, which 
are still more potent than the ones used. We surmise that one of the homologues 
of oestrin might he more potent with reference to smooth muscle hypertrophy 
than oestrin itself and might account for the higher potency of crude extracts 
of male hormone than of its purified forms. It is reasonable to assume that 
natural development of male secondary sex organs is governed h}^ two types 
(male and follicular) of hormones. It is obvious that for the measurement of 
the oestrin homologiie active towards seminal vesicles, its oestrogenic poteiicty 
gives no reliable basis. Hence we are unable to say without analysis of the effect 
on seminal vesicles of castrates, how much of these compounds does occur in 
testicles. This conception inaugurates a new line of research on ' ' male hormones. ’ ’ 

It is quite certain that experiments, such as e.g. those of Moore [1932], where 
“ complete ” restitution was obtained, the preparations used must have contained 
besides male hormone the active principle which is highly potent in producing 
muscular hypertrophy. The same applies to other muscular organs, such as the 
vas deferens, also studied by Moore and by others. 

Under these circumstances there is no question of a standardisation oi 
“male hormone” (under this name being understood the substance acting upon 
the comb of capons) in these experiments. The use of rats for such a purpose 
though not impossible, could not be recommended before these matters arc 
settled hj careful biological analj^sis. 

»' i\. fiirthe^r conclusion from these results is that antagonism of sex hormones 

within the secondary sex organs certamly does not exist, at least between male | 

and female hormones. They do not inhibit each other’s effects, hut on the 

contrary, in adequate doses, they support each other (pace-maker effect). The 

nocuous influence of an unbalanced treatment with one of these substances 

may be alleviated or even turned to advantage by administration in adequate 

doses of the other one, but in no way is this balancing based upon inhibition. 

The therapeutic ap] 3 lication of one of these substances may fail without 
simultaneous application of the other. 

The successful application of combined male and female hormone prepara- 
tions ill the same proportion as mentioned above b}" van Cappelleii [1933] in the 
treatment of prostate hypertrophy confirms the last statement from the side 
of clinical experience. 

Summary. 

1. Simultaneous experiments on capons and on infantile male rats showed 
loss of activity of male hormone after purification as regards rats, wiiile activity 
was retained as regards capons. 

2. Oestrin promotes smooth muscle development in the secondary sex organs 
of mammals, hence its “paradoxical” positive growth effect with reference to 
seminal vesicles is only apparent. Male hormone is active in promoting epithelial 
hypertrophy in the same organs. 

3. Ill hypertrophied seminal vesicles histology decides betw^een these two 
types of effect. 

4. Experiments on mfantile rats are reliable as regards individual response 
ill one group of animals, less so with reference to dose-action ratio, "while weekly 
response variations are rather considerable. 
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o. Body weiglit and gi’O’ndih during tJie experiments have a marked effect 
upon the response to potent preparations. 

6. Male and foUioular hormones support each other’s effects upon seminal 
vesicles. This is called “paee-maldng.” 

7. Trihydi'oxyoestrin, though its oestrogenic potency is much less than that 
of ketoh.ydroxyoestrm (menformon), is an effective pace-maker in the same doses 
(6-lOy) as menformon. Our knowledge about the quantities of these and homo- 
logous substances occurring in organs and tissues is scanty. 

8. Abnormal histological responses of the seminal vesicles may occur after 
treatment of the animals with inadequate combinations of sexual hormones. 
Tlie significance of these phenomena, remmiscent of tumours, remains un- 
explained. 

9. In clinical practice, the application of these substances is advised on 

grounds of symptomatology and the knowledge of their pharmacological effects 
rather than on so-called “hormone-balance,” which does not give any idea 
about the mutual influence of these sub.stances. Therapeutic application of 
combined male and female hormone preparations in the treatment of prostate 
hypertrophy has proved successful. ^ 
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In comparison with other organic materials the vegetable fats and oils exhibit, 
as a rule, a high degree of transparency to ultra-violet ra^^s. Thus in many 
instances, e.g. olive oil and groundnut oil, a thickness of several millimetres of 
oil is necessar^^ for appreciable absorption to be shown, and, even so, little of 
a selective nature is exhibited. From this it follows that the gljmerides of the 
common fatt}?” acids, saturated and unsaturated, are relatively transparent. The 
same is true of mammalian- and fish-body oils which do not contain vitamin A. 

In the case of fish-liver oils the greater part of the selective absorption is 
usually due to vitamin A, but in a number of cases, e.g. codling-liver oils [Lovern 
et ai,'l931] the gross absorption is so low, sometimes only recorded by the use 
of undiluted oil, that it becomes reasonable to conclude that the absorption 
shown by the glycerides of the polyethylenic acids occurring in nature is incon- 
siderable and exhibits but little selectivity. 

In these circumstances it is somewhat surprising to find that some con- 
stituents of the total acids obtained by saponification of many fats, particularly 
fish-liver oils, exhibit relatively intense absorption of a highly selective nature, 
a long series of sharply defined narrow bands, about 10 mp> wide, being regularly 
observed, together with a few inflexions and fainter bands which are not always 
seen. After allowdng for the vitamin A content of the richer oils it is found 
that the ‘^ackP’ curve invariably lies well above the ‘^‘oiT’ curve, showing the 
absorption to be not only more selective, but also considerably more intense, 
than that of the glycerides and other esters in the oils. 

Table I summarises the spectral absorption of the total acids from a number 
of fish-liver and fish-body oils. The last three in the table are interesting in that, 
although the}^ are not liver oils, they contain appreciable quantities of vitamin A. 

Before attempting to interpret the above data it is essential to recall the 
main facts concerning the spectral absorption of those constituents of natural 
fats which do not belong to the fatty acids, namely glycerol, cholesterol, ergo- 
sterol, vitamin A, vitamin D, certain higher alcohols, e.g. oleyl, batyl, selachyl, 
ciiimjd and in certain cases (shark, dog-fish) the hydrocarbon squalene, which, 
liow'ever, shows no selective absorption and may be dismissed here. Many oils 
also contain small quantities of coloured substances not unlike carotenoids [of. 
Lovern and Morton, 1931]. Glycerol, although nearly always the predominant 
non-acid constituent, amounting to 4-5 % of the origmal oil, does not absorb 
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Table I. Ahsor-pllon maxima of total acids from saponification offish oils. 

iia and iii/lexions (italics) are given in tiifi, wit h the E] values immediately beneath. Thu.s implies 
band with a mayimum at 37S j«p, and an E] value {i.e. log IJl for a 1 cm. layer of 1 % slilution) 


0^3 '“plies an absorption 


^er of 1 % soliitio 


Sturgeon peri- 
torieal fat 

Sfcui'geoii, pan- 
creatic fat 

Conger eel peri- 
toneal fat 


/420 

400 

377 \ 


347 

328 

315-5 

301 



281 

269 

82 

l,0-2 

0-3 

0-4 / 


1-5 

2-0 

9-0 

10-0 


68 

445 423 

400 

377 

362 

350 

330 

316-5 

301 


289 

269 

0*032 0-03^ 

) 0-052 

0-075 

0-13 

0-225 

0-285 

0-03 

0-72 


1-32 

1 -55 

442 422 

402 

378 

360 

350 

333 

3T7 

301 

2SS 

282 

270 

0-1 0-14 

0-21 

0-31 

0-45 

0-7 

0-9 

1-18 

1-45 

2-3 

2-72 

2-P3 

— 422 

401 

377-5 

360 

349 

331 

316-5 

302 

290 

282 

270 

0-027 

0-055 

0-1 

0-11 

0-22 

0-27 

0-55 

0-67 

1-1 

2-4 

2-7 

— 422 

402 

377 

360 

349 

332 

316-5 

301 

294 

283 

270 

0*.l 

0-14 

0-2 

0-25 

0-42 

0-55 

0-76 

0-97 

1-4 

2-2 

2-3 

— 423 

402 

378 

360 

348 

333 

310-5 

302 

290-6 

• 282 

270 

0-02 

0-07 

0-.12 

0-16 

0-2S 

0-72 

0-97 

1-2 

1-7 

2-36 

2-4 

— — 

392 
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350 

330 
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__ 

281 

270 


] 

1-5 
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14 

15 

80 

85 
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— — 
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348 

331 

316 

301-5 



282 

269 


0-025 
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0-065 

0-15 

0-2 

0-31 

0-35 


0-93 

1-2 
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377 
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300 


282 
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0-08 

0-12 

0-21 

0-3 

0-55 

0-65 


1-i 

1-14 

•— 423 

0-12 

401 

0-19 

377 

0-5 

361 

0-65 

349 

1-0 

332 

1-1 

316-5 

1-4 

302 

1-42 

___ 

283 

2-9 

270-5 

3-1 


74 116 iff" 


205 200 

259 Tail-off 
1-25 22-23 
259 Tail-off 
1*1 18-20 


A 4!*® I’egiOH concerned. The remainder, known collectively as 

the unsapomfiable matter,” usually accounts for about 1-1-5 °/fi of the original 
oil, and (m an ayerage cod-liver oil) has approximately the composition: 

Cholesterol and higher alcohols ... About 96°/ 

Vitamin A 3_4°o/ 

Ergosterol (Order) 0-1 % 

Vitamin D n.no n.no o/ 


viLammA 3-4 0 / 

Ergosterol (Order) 0-1 % 

„ 0 - 02 ^% 

is practically diaetinic; a 10 cm. layer of 4 % solution shows no 

absorption in the extreme ultra- 

...let. S milar considerations a.-p}3ly to the higher alcohols, as would be expected 

SreSr ^gher aloohols can S 

clUccted spectroscopically 111 natural oils. The remaining three substances all 
sliow_ strong selective absoi-ption. buosrances ail 

V'ltamiii A, which is responsible for most of the absorption of liver oils in 

^and with a maximum at 
fr i! observed intensity at 32Sm^ is not due to vitamin A 

thi vSmTndL rr' r ^ calculated from 

s w t W feeding tests and antimony trichloride blue values. However, 

iiXd of th?n7-f T-" the unsaponifiable mattef 

seem that the m the estimation [Coward et al., 1931] it would 

' 4teifermg absorption is due to certa,in of the acid constituents 
whch are considered later. On the basis of the values: GlTr, IlSn 

[Carr aiM Jewd? Carr-Price, 78,000, for apparentl^pure vitamin A 

dtaiuA A X V ^ an average good cod-liver oil contains about 0-04 % of 

frorsnefts to sScTl T"" to fish and even more so 

rim species to species, the range covered within our experience by mature fish 

ToSTn "r! fr fiA-liver 

to hi™ tMs figure eo::irr:M^^u^p elasmobranch fishes) as 
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being from 0-004 % in liaddock-liver oil to about 10 % in a sample of lialibiit- 
liver oil representing the mixed oil from several livers. No typical value can 
therefore be given. We have considered these variations in a separate paper 
[Loverii et al., 1933]. 

Ergosterol exhibits intense, highly selective absorption in the middle ultra- 
violet, with maxima at 293-5, 281-5, 270-6, 260, 250*3, 242mja, max. being 
of the order 290 (in alcohol). Thus with 0-001 % of ergosterol (a high figure for 
a fish oil) the absorption intensity (log IJI) in this region for a 1 cm. layer of 
a 1 % solution of the oil would be about 0-003, an obviously insignificant contri- 
bution to the u.v. absorption at 280 m/x usually observed, which ranges from 
0-4 iipivards in the t 3 ^pical fish-liver oils examined. This explains the observation 
of Morton et al. [1931] that the intensity of absorption in this region cannot 
be correlated with the sterol content . 

Vitamin D (calciferol) in the pure state also absorbs stroiigty in the middle 
ultra-violet, having a single broad band, free from fine structure, with a maxi- 
rniiiii at 265 m/x 265mj[x, 485). Askew" et al [1932] found a mean anti- 

rachitic value of 40,000 International Units per mg. of purified calciferol; 
t 3 "pical cod-liver oils range from 25 to 200 units per g. Hence the vitamin D 
content of a cod-liver oil is, on this basis, of the order 0-00006-0-0005 % , giving 
for a solution of the oil an value of 0-0003-0-0025, wiiich obviously cannot 
influence the measured absorption curve of the oil. Even in puffer fish-liver oil, 
wdiicli it is stated [Bills, 1927] maj^ be 15 times as rich in vitamin D as cod-liver 
oil, the effect -would be inconsiderable. 

Vitamin A, then, is the onl}" non-acid material contributing appreciably to 
the ultra-violet absorption of most fish-liver oils. This, of course, is to be ex- 
pected from the facts that it is both intrinsically more strongty absorbing than 
either ergosterol or vitamin D, and is also usuafiy present in vastly greater 
proportions. 

Upwuirds of a dozen different fatty acids combined as trigtycerides are present 
in most fish-liver oils, a feature of w"hich is their high content of iinsatiirated 
acids with 20-22 carbon atoms and four or more double bonds in the molecule. 

Though the proportions vary somewfiiat, saturated acids account on the average 
for 15-20 % of the total weight, mildly uiisaturated (1-2 double bonds) about 
70 % j highly unsaturated, including the so-called clupaiioclonic acids, 

12-15 % . The precise composition of the more unsaturated fractions remains 
indeterminate ordiiiar}" methods of anatysis, in the sense tlia,t onl}?' the average 
degree of iiiisatiiratioii is ascertained (expressed in terms of number of H atoms 
lacking as compared wdth the corresponding saturated acid) and not tlie indi- 
vidual iiiisatiiration of the various members. Thus, to take a simple case, 

(- 2'?iH) might imply one acid with n double bonds, or an equimolecuiar mixture 
of acids with 1 tWl 7 i+ 1 double bonds. In addition, the extent of conjuga- 
tion of these double bonds is often a matter of uncertainty, particularly in the 
more uiisaturated members. The latter, incidental^, have also been detected in 
several different kinds of algae, though in much low^er proportions than in fish 
oils [Tsiijimoto, 1925], and in the fat of birds w"hich feed on fish, but not in 
birds which feed excliisivety on insects or ’grain [Grlin and Halden, 1929]. They 
are thus apparently connected in some waj" with aquatic life. 

Turning now to spectral characteristics, oils wiiich are known to consist 
maiiiij" of saturated glycerides show either no selective absorption or at most 
oiih^ feeble indications of a group of three bands near 270w^. Oleic acid, with 
one double bond, show"s traces of the 270 m/x group wiiich become fainter as 
the acid is purified. Linseed oil, which largety consists of the gtycerides of 
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linoleic acid (order 50 % , Fj) and linolenie and isolinolenic acids (order 30-35 
Fg) has an E]"^, 270 value of 29, which is a mere fraction of that s}io\raTn 
this region by some fish-liver oil acids (c/. cod, monli) containing, as is usual 
a rather smaller proportion of di- and tri-ethylenic acids than do the acids from 
linseed oil. It is therefore impossible to associate straight chain di- and tri 
ethylenie acids vdth the highly selective absorption regularly observed at 
270mp, and we are forced to the conclusion that the acid responsible for this 
group, if indeed it is a straight chain acid, must have more than three double 
bonds. This is not inconsistent with other considerations to be mentioned later 
which fiurther indicate that the remainmg narrow bands exhibited nearer the 
visible region of the fish-liver oil acids must be associated with a still hio-her 
■ degree o.f uiisatnration. ^ ' 

Tlie C2o““C22 cinpanodonic and Mglier unsatiirated acids remain to be con 

sidered as possible causes of selective absorption. Here the mean unsaturation 
as determmed by hydrogenation and iodine values is of the order F^-r , but little 
appears to be definitely known concerning the e.xtent of conjugation of these 
double bonds, without wliicli little absorption of a selective nature is to be 
exjieeted, in the absence of ketonic or other absorbing groups. Accorclino- to 
Tsujimoto [1928] there is no conjugation of double bonds in a C.,„ acid which 
lie teniis clupanodonic, and which is known to possess a straight chain of carbon 
atoms from its conversion into behenic acid by hydrogenation; but the term 
clupanodonic is used somewhat loosely in the literature, sometimes bein^ 
confined to the Qo and acids with 4 or 5 double bonds, and sometimes 
including everything from upwards’-. The highly absorbing acids are evi- 
dently to he foimd somewhere among, or else are derived from, the polvethylenio 
liiglier acids. There are three possibilities: (i) that they are the “clupanodonic” 
etc. acids themselves; (ii) that they belong to a series of as yet unidentified 
compounds wbeh, although perhaps very highly unsaturated, are present in 
/hfww contribute little to the general unsaturation; 

“clupanodonic” acids by isomerisation, 
Ttbf r i f °i chemical change. In case (i), even if in some of the acids 
V 7®^® conjugated, one would expect a series of relatively 

bioad absorption bands, one from each acid, superposed to form an ill-defined 
summation curve, rather than the sharply defined narrow bands actuallv ob- 

bu7 “1 0^ 1°^ free fatty acid content 

but iich in clupanodomc glycerides— using the term “clupanodonic” in its 
widest sense--is devoid of narrow bands, and since synthetic glycerides prepared 
from the highly absorbiiig total acids, including clupanodonicfefe., exHtothe 

t at., 1931] the mterestmg position arises that either the clupanodonic acids 
are not responsible for any of the observed fine structure, or the configuration 

that clupanodonic glycerides or esters differs from 

that ot the clupanodonic acids themselves as prepared by thorough saponifica- 
tion of these glycerides [Morton ef al, 1931]. The same thing applies of course 
to any even more highly nnsatnrated acids which might be preS 

must brnostuwi?/' S® extraordinarily high extinction coefficients which 

mth lypothesis. althougl, it is not yot known 

yerdblel o?c!L configuration (which appears to be irre- 

versible) occurs durmg the saponification process or during the subsequent 

none and Sahashi [1932] give a OojFs as containing an acetylenic linkage. 
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acidification. Tlie evidence available points strongly to the former alternative 
and is supported by the recent work of Dann and Moore [1933], the results of 
these authors suggesting the existence of some connection between the length 
of time during which the alcoholic KOH solution is boiled (usually much longer 
than is strictly necessary for saponification) and the quantity of highly absorbing 
acids produced. 

The possibility of an isomeric change in the acidic portion of certain gly- 
cerides giving rise to the narrow bands may account for a phenomenon which 
has been observed on more than one occasion. Sturgeon peritoneal fat con- 
taining an appreciable amount of vitamin A 602 mja, 0*34; 568m/x, 0-3) 

when first examined showed only two bands in the ultra-violet, one at 328 m/x 
]^iVo 0-28, and one at 281 m/x, 6*26, with no detectable fine structure. 

On" re-examination some 4 months later hands were found at 460, 399 and 377 
(inflexions), 325, 292, 282, 271 m/x, the 325~330mj[x intensity remaining un- 
changed within experim.ental error 328 m/x, 0*27) while the rest of the 

bands ranged from 0*0065 (460mp,) to 0*54 (271m/x). Similarly, a fresh 
solution of ling-liver oil (5 %) in heptane exhibited a broad band at 321 m/x 
0*5) and very faint traces of selective absor]ption at 398, 282 and 270m-/x. 
Two days later, unmistakable signs of selective absorption at 400, 377, 360, 348, 
315, 282 and 270m-/x were observable, together wnth a general increase in iii- 



Fig. 1. Ling [Molvci vulgaris). Solvent: heptane. SbClg blue value of oil. 

^Icm 0*54; 578wft, 044. 

Liver oil, fresh solution. 

Liver oil, same solution two days later. 

Acids from saponification of liver oil. 

tensity of absorption throughout (see Fig. 1). The new curve could in fact be 
accounted for by superposition of a low intensity ling-liver oil acid curve upon 

the original ling-liver oil curve » , 

Two interpretations are possible: either spontaneoiis hydrolysis takes place, 
or the fine structure -producing change can occur, without hydrolysis, in. e 




lifii : 
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acidic portion of certain glj-cerides. It is probable that most of the fine structure 
observed in stale fish oils is due to one or both of these causes. Which cause 
predominates can be decided by washing with sodium carbonate and re- 
examining spectroscopically. That the change can occur within the glyceride 
molecule as a result of some process other than hydrolysis is proved bv the 
fact that the narrow bands exhibited by a skate-liver oil were not eliminated 
as a result of washing with sodium carbonate. Further, the experience with 
litig-liver oil suggests that this non-hydroljdic change is favoured by dilution 
with a solvent, since the oil itself, which had only just started to show selective 
ab.sorption apart from the vitamin A band, was by no means fresh. 

It has not been possible to trace any parallelism between the vitamin A 
potency of an oil (as measured by the SbClg colour test) and the intensity of 
absorption exhibited by the total acid fraction. Moreover, with increa'knr 
vitamin content the absence of such correlation becomes increasingly evident 
It is therefore inferred that the fine structure acids are not decomposition 
products of vitamin A, a conclusion already arrived at by Morton et al. 11931] 
and supported by the appearance of narrow bands in "the above-mentioned 
.sturgeon peritoneal fat without sensible loss of intensity at 328wu. There is 
likewise no evidence to connect the acids in any way with vitamin D, and no 
direct comiection has been traced between the acids and the sterol’ content 
[Morton et al., 1931], That the acids are directly associated with the SAUithesis 
of either vitamin A or D seems equally improbable for the same reasons, and 
also because a really fresh fish oil show^s very little selective absorption apart 
irom the olSm/i band, but the possibility of their being indirectlv connected 
m some way with vitamin synthesis {e.g. as degradation or by-products of inter- 
mediate stages m the conversion of carotene) cannot at this“ stage be definitely 
excluded. Tw’o significant facts stand out : first that liver oils are an incomparablv 
better source of the higlily absorbing acids than vegetable oils {e.g. olive, cotton- 
seed) ; second that, except when the diet contains minimum quantities of caro- 
tene, the conversion of carotene into vitamin A is a very w^asteful process It 
has not yet been explained what happens to the “wasted” carotene. 

It w'lll be recalled that the typical total acid absorption curve exhibits the 
iollowung maxima: 230-235m/i (always at a high intensity, sometimes a genuine 

tail-off), (259), 270, 282, 288-295 (inflexion), 301-5, 
dlb-o, 332, 348, 360 (inflexion), 377, 401 (422, 442, 460 inflexions or very w^eak 
laiKls), the figures in brackets being not alw^ays strictly reproducible The 
que.sfaon arises whether the whole of the fine structure is" due to one acid or 
whether It is the result of superposition of a number of absorption curves, each 
arismg trom a different acid. 

adduced from various sources all points to the conclusion that 
. I.- i Ilf absorbmg entities. This evidence is summarised in Table II, in 

Twfo f into discrete groups as far as the data warrant, 

nf Hie 3“^®® of attack have been followed, one based on an examination 

i t whether there is any tendency 

on frponpn ’^ands to vary together in intensity, and the other based 

The intensity method was applied to (i) the methyl 
hid befu n'T f cod-Hver oU acids in which a partial separation 

Dublisiied rfMn-^ f distillation; details of this have already been 

nartiillv f ^ monk (angler-fish)-liver oil acids, which were 

lad salt («) by adsorption on fibrous alumina, (b) by the Twitehell 

Table T W ff distfflation of the esters; (iii) th^ total acids in 

lablc I. Incidentally, the separation of the monk acids by fibrous alumma 
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Table II. Oro-ii'ping of the maxima exhibited by the highly 
selectively absorbing acids. 


Former work'^' 

Fractionation / 

of cod-liver Fractionation of monk- 
oil acids liver oil acids 

(from intensity of maxima shown 
by different fractions) 


Present work 


Acids from several fish-liver and body oils. 
Theoretical considerations of 


Intensity of maxima 


Frequency differences 


234 »z/x 
259 


234 mft 



230~5 mju, 

230-5 





260 



(259) 

259 




270 


270 



270 

270 




281 

(301) 

281 

301 


282 

290 (inflexion) 
301-5 

282 

295 

288 

301*5 




(316) 


316-5 


316-5 


316-5 

317-5 




(331) 

(331) 

332 


333 

332 






(349) 

348 



348 






■ — 

360 (infl.) 



365-5 

357 





375 

377 




377 





394 

401 




401 










427 






A em.“ 

■^ = 1580, ] 

L570, 

1380, 

1590 


Gillam et aJ. [1931]. 


ga.ve the highest all round values yet recorded for the intensities of the narrow 
bands 269 Wfx, 380; 234 m/x, 440. 

When a broad absorption band can be resolved into a number of narrow 
bands, the separation (in wave-numbers) of the components is often nearly 
constant, the A cni.“^ value corresponding with a vibrational frequency. The 
provisional grouping of the maxima shown by our acids can be tested by 
applying this criterion. Thus if the 270 and 2S2 infjL bands are physically related 
(A cm . “^5 1580), bands would also be expected at 259 and 295 mp; and siiiiilarly 
for the other groups in Table II. The figures in heavy tjqDe represent the 
dominant regularly observed bands, while the others are the calculated wave- 
lengths of the fainter bands wdiich one would expect to be associated with the 
main bands. This particular segregation into groups agrees very well with the 
main hicts and provides a plausible explanation of a number of otlierwise 
apparently anomalous features. ^ 

(i) The 259 band is not alwaj^s observed. This is to be expected if it is 
both intrinsically faint and occurs on a steep part of the curve due to the 
230-~5mp substance, by which it is likely to be masked or at most reduced to 
a faint inflexion. It should perhaps be explained that a weak band superposed 
on a steep absorption curve due to another substance appears as an inflexion 
on that curve. 

(ii) A long inflexion, var^diig in position, is often found about 290nijjL. This 
can be attributed to the joint effects of the 288 and 295 myi faint bands, the 
middle of the inflexion being nearer to 288 or 295mp according to which sub- 
stance predominates. 

(iii) The overlapping of the two middle groups similarly explains variations 
of O'5-l-Omp. in the position of the 316*5 and 332m/x bands according to the 
source of the oil from which the total acids were derived. 

(iv) The 360 m/x inflexion is apparently due to the superposition of the two 
faint 365*5 and 357 m/x bands, and, forming a link between two sets of bands, 
accounts for the tendency to group them together as one when intensity data 
only are considered. 





|» f 

till* ' 

{|i| ' 

til If I / 
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(v) By calculation, a band should appear at 427^^16. In practice, one is 
observed, either as an inflexion or as a weak band, near 423 m/x. This may be due 
to interference by a trace of something analogous to the monk pigment [Lovern 
and Morton, 1931] one of the absorption bands of which lies at 422 m/x. It should 
be remembered that the intensity of this part of the “total acid” absorption 
curve is very low and the curve correspondingly more susceptible to such 
influences. 

There are thus probably at least five highly absorbing entities oontributino' 
to the complex absorption curve of the total acids. At this stage we can only 
speculate as to theii- inter-relationship and structure, but there are certain 
general conclusions which can be regarded as not improbable. In common with 
the other acid constituents, they all appear to be monobasic. This is suggested 
by the behaviour of the total unsaturated acids on esterification with methyl 
alcohol and sulphuric acid. In general, monobasic acids esterify readily and 
almost completely (95-98 %), while dibasic acids show a tendency to stop" short 
at one carboxyl group (i.e. 50 %). The acids from fish-liver oils esterify with 
the same ease and to about the same extent as normal monobasic acids, sho'wuno’ 
that in the main, at least, the acids are monobasic. Further, the small “uiv 
esterified” portion, in which any partially esterified dibasic acids would collect 
if present, shows no increase in unsaturation or absorption, thus indicatino’ that 
the fine structure acids themselves also are monobasic. 

Concerning the absolute quantities of the highty absorbing acids present 
little can be said at the moment. The percentage of so-called highl 3 ^ unsaturated 
acids, CjQ-j, , with four or more ethenoid linkages, shows no correspondence with 
the observed range values. Thus the Tliimn, group of bands has usually 

value of 2 or 3 in the acids from the liver oils of most of the species 
studied, and yet in certain cod-liver oil acids, with about a normal percentage 
^2o--22 5 ^4-5 "iipwards, the E value was 250. Since the cod-liver oil acids evi- 
dently contained 100 times the normal amount of these fine structure acids, and 
this was not reflected in a measurable increase in the general uiisaturatioii of 
the polyetliylenic fraction, the inference is either that the fine structure acids 
are present only in minute quantities, or that the change from relatively diactinic 
imsaturated acids to highly absorbing unsaturated acids leaves the iodine value 
practically unchanged. 

Tile monk-liver oil acids, which we^e examined in considerable detail, support 
these general conclusions. Their approximate composition is as follows: 

Saturated adds : 0 / 

/o 

M}Tistic 4.9 

Palmitic g.g 

Stearic ... ... i.q 


Unsaturated acids: 
M}Tistoleic 
Palniitoieic 
Cjs group 
C20 group 
C22 group 


(-2-0H) 

(-2-0H) 

h8-6H) 


They thus fall m line with the fatty acids from the majority of marine fish-liver 
oils as regards general composition, but are unusually interesting in that they 
are associated with a red pigment in the liver oil [Lovern and Morton, 1931] 
and are from 10 to 30 tunes as highly absorbing in the ultra-violet as the usual 
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total acids from most fisli-liver oils. Like the cod-liver acids, their high absorp- 
tion is not reflected in the measured unsaturation, and they give no colour 
reaction with antimony trichloride. Distillation of the methyl esters under 
0-1 mm. pressure results in a very imperfect separation of the highly absorbing 
constituents, but there is a marked tendency for them to accumulate in the 
high-boiling fractions and in the residues, a fact which suggests a high molecular 
weight, probabl}?- of the order 350. 

Table III summarises spectroscopic data on certain of the simpler uii- 
satiirated compounds with conjugated ethenoid linkages, the data on the acids 
being due to Kulin (private communication) and on the hydrocarbons to 



Table III. 

A max. 


Ids 



log e max. 

Grotonic 

CH,CH = CHCOOH 

204 

4-085 

Sorbic 

CH5(CH = CH)„COOH 

254 

4-398 

Ootatrienecarboxylic 

CHs(CH = CH);C00H 

294 

4-556 

Decatetraenecarboxylic 

CH3(CH = CH)jC00H 

329 

4-690 

'drocarbons 




aoc"-Dipl:ienylbiitadiene 

C„H5(CH = CH)AH3 

325 

3-65 

ao'/-Dipheiiylliexatriene 

C„H3{CH = GH)3CoH3 

371 

3-8 



355 

3-83 



333 

3-7 

aa'-Diphenyloctatetraene 

C3H3(CH = CHbCoH5 

396 

3-87 


372 

3-86 



357 

3-80 

aa'-'Diplienyldodecaliexaene CeH5(CH = CH)6C6H5 

441 

3-73 



418 

3-73 



380 

3-7 



317 

3-2 


RMiilescii and ES^rbulescii [1931]. Two general tendencies are obseiwable : (i) an 
increase in the number of conjugated double bonds causes a shift of the ultra- 
violet absorption maxima, or group of maxima, to\Yards the visible; (ii) this shift 
is iisuall}:’' accompanied by an increase in absorption intensity. The groups of 
bands exhibited by the series of hydrocarbons due to the combined influence of 
ring s^^stems and conjugated double bonds show a qualitative overlapping similar 
to that already mentioned in connection with the ''fine structure” acids, indi- 
cating the possibility of a similar series relationship between the acids, the 
quantity present decreasing as the extent of conjugation increases. This would 
account for the general shape of the absorption curve of the total acids, which 
falls as the visible is approached, instead of rising as would be expected if equal 
quantities were present. 

Table IV records the absorption maxima of a number of iinsatiirated sub- 
stances connected with the whole question of fat-soluble vitamins. It will be 
observed that the bands in the visible associated with the highly unsaturated 
acids are reminiscent of those shown by carotenoids and polyene acids, whilst 
the ultra-violet bands resemble those shown by polycyclic, partially hydro- 
genated substances, the resemblance being closest for "dihydro” carotene (pre- 
pared b}^ the action of aluminium amalgam on carotene) and the cyclised product 
derived from vitamin A and hydrochloric acid [Edisbury et al,, 1932]. The highly 
Iinsatiirated acids probably contain appreciable quantities of substances with 
tricyclic skeletons, a view which receives some support when the absorption 
spectra of anthracene and phenanthrene derivatives are considered. 
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Table IV. 


Total acids 

_ 

4G0 

445 

422 

401 

— 

377 

360 

348 

350 


Adtaniin A -i-HCl 

— 

— 

— 

420 


392 

— 

369 

“ Oihydrocarutene’’ 

— 

461 

426-45 

— 

— 

392 

— 

369 

350 

348 

ooo 

332 

C.'ii'oiono 

492 

461 

436 

— 

, — 

— . 

— 



DezssiRK itY ’s extract'"' 

476 

— 

448 

420 

408 

386 

— 



349 

330 

y.-Crocei in 

_ 

— 

448 

420*5 

399 

— 

— 





I>ilirdrr)L‘]‘0(jctiTi 

— 

— 

— 

— 

__ 

— 

382 

36T5 

3‘14 


-Ml ink (anadiir-lish) pigment 

480 

— 

450 

422 

__ 

— 

— 

— 




lO'gusnn'ol 

— 

— 

— , 

— 

— 

— 

— 

— 

— 


r U‘hyd i‘( i-priiasterol 

— 

— 

— 


— 

— 

— 

__ 

342 

325*5 

Ei'gusierul i) 



{.mntimied) 







Total acitls 

316'5 

301*5 

290 

282 

270 

259 



__ 

230- 

■ouip 

Vitaiiiiii A-l-liCl 

313-20 

— 

292 

280 

272 

261 

254 




" Oiitydrncorotene’'’ 

316 

301 

— 

— 

— 

— 



__ 



CaiXiltsic 

__ 

— 


280 

— . 

— 







rj(v„sscaioiT ’s extraet'" 

— . 

3lX) 

— 

283 











7,-t roeetiii 

310 

— 

— 

— 





249*5 





1 D'jiydrocroeeO'n 

320-6 

— 





274*5 








Monk (angk.T-iish) pigment 

— 

— 

_ 

— 


— 

— 





I'jgosterol 

— 

— 

293 

281*5 

270 

260 

250*3 

242 




iJehyd ro-ergosterol 

311 

— 

296 

— 










T i'gost er. si J ) 

__ 

— 

— 

— 

— 

__ 

252 

243 

235 



A residue, Idndly furnished by Prof. Bezssonoff, from carotene extracts. 


The position now reached may be stated brieflj^. 

1. The well-defined narrow^ absorption bands owe their origin to iinsatura- 
tioii in the absorbing molecules. 

2. The highfy absorbing acids are not present in the original oils as the 
corresponding gtycerides . 

3. The hypothesis that the absorbing acids are straight chain coiiipoiiiids 
with conjugated double bonds is not in harmony with the evidence. 

4. A change, unsaturated acids (low absorption) -> iiiisatiirated acids (high 
and selective absorption) occurs during saponification. 

5. Cyclisation is the most plausible explanation of this change. 

Further work is proceeding on these lines. 
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CXCVII VARIATIONS IN VITAMIN A CONTENT 
OF FISH^LIVER OILS, WITH PARTICULAR 
REFERENCE TO SEASONAL FLUCTUATIONS 
IN THE POTENCY OF HALIBUT-LIVER OIL. 

By JOHN ARNOLD LOVERN, 

Tarry Research Station^ Aberdeen, 

JOSEPH RATCLIFFE EDISBURY RICHARD ALAN MORTON, 
Department of Chemistry, University of Liverpooh 

{Received July 14th, 1933.) 

The object of the present work was initially to gather data concerning the 
yitamin A potency of the liver oils obtained from various species of fish. It 
was soon found that the vitamin A content of halibut-liver oil was remarkably 
high in comparison with oils from other species, and the scope of the investiga- 
tion [c/. Lovern, 1932] was widened to embrace the elucidation of the factors 
capable of influencing the vitamin A content. 

Collection of material. Livers were obtained mainly from commercial line- 
fishing vessels operating from Aberdeen and fishing in waters near Iceland, the 
Faroes and N.W. Scotland. The average duration of a trip was 2-3 weeks, and 
in each case the livers from all catches were mixed and stored at 0° in tins 
holding about 22 lb. The livers were received in varying states of preservation; 
some were very fresh and firm, whilst in other cases the contents of a tin had 
become a semi-liquid mass from which individual livers could not be separated. 
Each batch of livers was minced, mixed well, dried with anhydrous sodium 
sulphate and extracted with ether, and a dark sticky oil was finally obtained. 

The halibut livers varied in weight from 4 oz. to 7 lb., but the great majority 
were between the limits of 12-20 oz., so that 1 lb. represents the approximate 
average weight of the halibut livers obtained by us in Aberdeen. 

Tow’-ards the end of 1932 it became impossible to- purchase halibut livers 
directly, as the production had been acquired in advance for the commercial 
extraction of the liver oil, but through the courtesy of Messrs Isaac Spencer 
and Co., Ltd., and Messrs Allen and Hanburys, Ltd., quantities of liver (10-14 lb. 
at a time) were purchased periodically. During the earlier period when supplies 
were obtained direct from the trawlers, arrangements were made for the skippers 
to note the position of the fishing ground, the nature of the stomach contents 
and the size of the halibut represented by the catch. As a rule, the livers in a 
batch were of assorted sizes, but occasionally fairly homogeneous catches of 
large or small halibut were obtained and the livers were classified as '‘mainly 
large” or “mainly small.” The position of fishing grounds was also ascertained 
for the livers purchased from commercial houses during the later period. Through 
the courtesy of Messrs Parke, Davis and Co., we were also able to examine 
representative samples of commercial halibut-liver oil prepared from the livers 
of fish caught in Pacific waters and in the Davis Straits {vide infra). Much of 
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tile data obtained is unsuitable for a detailed report, but tiie following main 
conclusions may be quoted. 

(i) bio very precise correlation between vitamin A potency and tlie position 
of the fishing ground can be established, although there are indications that 
higher maximum values are obtained in the liver oils from halibut caught in 
more northerly waters, probably reflecting the tendency of the larger fish to 
migrate northwards , 

(ii) No significance can be attached to the stomach contents or the intensity 
of feeding [see Lovern and Sharp, 1933]. 

(iii) There is considerable evidence that the vitamin A potency of halibut- 
liver oils (in common with those of several other species) increases with in- 
creasing size of liver, and therefore age of fish. 

(iv) Well marked seasonal variation was shown. 

Vitamin A. tests. Rough. Carr-Price determinations were carried out at 
Aberdeen on the fresh oils, followed by spectrometric assay at Liverpool, using 
the Ililger-Nutting spectrophotometer for the antimony trichloride colour test, 
and Hilger E 3 spectrographs for the direct determination of vitamin A content 
on the basis of intensity of absorption in the ultra-violet shown by alcoholic 
solutions of liver oil. 

Of all the constituents of fish-liver oils, vitamin A is by far the most variable 
in concentration. This is true not only in comparing oils from different species, 
but also as reflecting the differences between specimens of oil obtained from 
individuals of the same species. Our experience makes us unable to attach any 
precise significance to the idea of a fish-liver oil ‘HypicaF’ as regards vitamin A 
potency. 

Variations in vitamin A content from species to species, arising possibly 
from different requirements and feeding habits, are perhaps only to be expected, 
but their magnitude is nevertheless surprismg (see Table I). The percentages 
are calculated on the basis of the richest vitamin A distillates [cf. Carr and 
Jewell, 1933]: 

580m/x' 260o} trichloride colour test. 

328m/i,, 1600 direct ultra-violet absorption test. 

78,000 Carr-Price units. 

The samples of oil from some species re]3reseiit only a relatively small number 
of livers, so that considerable variations from our figures may be possible in 
later tests. Nevertheless, experience up to the present points to the conclusion 
that the liver oils of haddock, whiting, skate of small or medium size, codling 
and im, mature or small fish generally are markedly inferior in vitamin A potency 
to average cod-liver oil; the oils from pollack, saithe, hake and ling (probably 
also torsk) are usually similar in potency to cod-liver oil and subject to roughly 
the same variations; salmon, turbot, sturgeon and halibut yield liver oils which 
are vastly richer in vitamin A than cod-liver oil. The richer the source the more 
widely does the potency appear to vary as between sample and sample. 

^According to the data of Bills [1927] the over-all range of antirachitic activity 
of liver oils is some 500:1, the majority of oils falling within a range of 30:1. 
Idtamin A^has a wider range, at least 2500:1, and, so far as we can ascertain, 
no parallelism between vitamin A and vitamin I) potencies can be substantiated. 
At present, we have no views to submit regarding the significance of a 2500 : 1 
laiige ill vitamin A content; we are more concerned to ascertain the facts re- 
lating to variations (vdthin a given species) in batches of oil, each representing 
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Table I. Vitamin A content offish-liver oils. 


Liver oil 


Estimated percentage 
of vitamin A in the 
samples examined 


{A7iurrliichas ... 0.00 

Cod (Gadus cailarias) (mean of 43 samples) 0-04 

Codling {G. cailarias) (smaller specimens) 0-004 

Codling {G. cailarias) (larger specimens) O-OOS 

Haddock [G. aeglefinus) 0-004 

Pollack, lythe (G. pollachms) 0.04 

Saitlie, coalfish (G. virens) 0.09 

Whiting {G. merlangus) 0-005 

Conger eel {Conger vulgaris) ... 0.25 

J)ah {Pleiironectes Imianda) ... ... ... ... ... 0*015 

Lemon sole (P. ??imrocepWiis) ... 0.07 

Plaice (P. ptoessa) ... 0-1 

PiAke [Merliiccius vulgaris) ... 0.04 

Halibut {Hippoglossus vulgaris) (highest recorded, 1932) 10-0 

{H. vulgaris) (lowest recorded, 1932) 0-17 

lAng {Ifolva vidga/ris) ... 0-015 

Monk (angler-fish) {Lop)Mus piscatorius) 0-02 

Newfoundland flat-fish (PlatysomaticMJiys Mppoglossoides) 0-04 

Pike {Esox luschis) ... 0-08 

B^at-fish {Olmyiera viirahilis) ... 0-008 

Salmon (/SVdmo 6Yikr) ... 0-3 

Blue” skate (Puin &a/is) ... ... 0-007 

Thornback skate (P. clavaki) (small specimens) 0*01 

(P. clavata) (large specimens) 0*05 

Sturgeon (Acipe'nser attilm) ... 0-8 

Torsk, tusk (Pro wPms ?>msme) ... 0-08 

Turbot {Psetta {liho'mbus) maximiis) 0-3 



too many livers to have any meaning as regards individual fishes but large 
enough, it is hoped, to be significant as regards the major causes of fluctuations 
and variations in potency. 

Two distinct kinds of variation are discernible, x3rogressive and seasonal, 
the seasonal being superimposed on the progressive variation; and without 
excluding the possibility of less obvious factors, the following variables appear 
to be important : 

(i) Size (or age) of fish. 

(ii) Sexual condition. 

(iii) Diet. 


The progressive aspect of the vitamin A variability seems to depend on (i), 
whilst (ii) and (iii) appear largely to account for the seasonal changes. 

Within a given species we have found that large livers yield as a general 
rule a more potent oil than small livers, and our qualitative observations are 
supported b}^- the recent more quantitative work of MacPherson [1933], who 
has found a linear relationship between age of fish and the potency of cod- and 
American plaice- {Hippoglossoides platessoides Eabricius) liver oils. As the livers 
of the larger members of a species usually represent a greater proportion of the 
total body weight than is the case with smaller specimens, and as, further, the 
larger livers generally yield a higher percentage of oil, the total vitamin A reserve 
of the fish increases rapidly with size. This probably results from a purely 
mechanical storage of the excess of vitamin (mgested as such or synthesised 
in vivo from carotene) over the requirements of the fish. Be the explanation 
what it may, the age factor is of considerable importance. Thus in the cod, the 
ratio between vitamin A potencies for mature fish and codling is about 10:1, 

92—2 
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corresponding to about 20 or 30 : 1 in the actual weight of vitamin A per unit 
weight of fish. Qualitatively confirmator}^ evidence is available for skate and 
halibut. 

It has long been recognised that during the spawning period changes occur 
wliicii may profoundly affect the vitamin content of the liver oil. The cod, for 
example, eats little or no food at such times, and the dizain on fat-reserves 
incidental to fasting is increased by the utilisation of large quantities of liver 
oil in the development of the genital products [cf. Hjort, 1914]. A certain amount 
of vitamin A is transferred with this oil to the gonads [Ziiva et al., 1924], and 
the total vitamin reserves are to that extent depleted; but the residual liver 
oil is so reduced in quantity that the concentration of vitamin A in the oil is 
higher than wdien the ffsh is feeding normally. It appears, in fact, that at the 
spawning period both vitamin A and D potencies vary approximately inversely 
as the oil content of the liver [Drummond and Hiiditch, 1930]. This utilisation 
of liver oil at spawning would of itself give rise to a peak in the potency curve 
immediately after spawning. Resumption of feeding results in gradual dilution 
of the liver oil as fat is again stored, the drop in potency being mitigated by 
replenishment of vitamin A reserves. The average percentage of oil in fish-livers 
varies from species to species {e,g. halibut 18--20 % (average) ; monk or angler 
fish, 40 %; certain gadoid fishes, up to 70 %) as also does the range over w^hich 
the percentage of oil varies for the pre- and post-spawning periods, but the 
range rarely exceeds 2 or 3 to 1 for the spawning effect. The males of the various 
species are much less affected than the females. 

Diet may next be considered as a contributory cause of fluctuations in 
potency. In a sense, diet is fundamental, since there is no evidence of direct 
synthesis of vitamin A by fishes as appears to be possible with vitamin D in 
some species [cf. Bills, 1927], and in any event the richer the diet, the greater 
are the vitamin reserves likely to be. Drummond et al. [1922], Jameson et al. 
[1922] and Hjort [1922] traced the fish -liver vitamin A through a series of 
intermediate stages to the diatoms (unicellular vegetable organisms in the 
plankton), which are able like land plants to produce carotene as a result of 
photos^ynthesis. There is as yet no evidence that diatoms or the minute plank- 
tonic animal organisms (copepods, larval forms of various marine creatures, 
etc.) which subsist on diatoms, contain vitamin A as such, or vitamin D. 
The published biological assays of the growth-promoting effects of planktonic 
organisms exhibit curiously good agreement in some cases, and very bad agree- 
ment in others, so that seasonal variations may perhaps he suspected here also. 
In any case, the plankton exhibits very well-marked seasonal fluctuations in 
abundance, an effect due primarily in the case of diatoms to seasonal changes 
in the intensity of sunlight and less obviously to fluctuations in sihca, nitrogenous 
matter and carbon dioxide in the sea water. The curves in Eig. 1 show the 
mean annual changes in the abundance of planktonic flora and fauna generally 
in Port Erin Bay for the period 1907—1920, based on data given by Johnstone 
et al. [1924], and are fairly representative for the whole of the northern hemi- 
sphere, with the reservation that in 1932 the spring maximum of the diatoms 
may have been a few weeks earlier than usual (in Plymouth Sound this occurred 
hi March). It would appear from the curves that the greater part (probably 
SO %) of the total amount of carotene annually produced by the diatoms is 
s^'iitiiesised in the spring or early summer, with a comparative scarcity, so far 
as initial synthesis is concerned, during the rest of the year. A time-lag of 
iincei tahi duration must exist before this carotene reappears hi the form of 
vitamin A in the liver oils of large fishes, owing to the number of links in the 
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food-cliain. The spring maximum must first of all affect the copepods and larvae 
living on diatoms; next, immature fish and small mature fish {e.g, herring, 
caplin), certain molluscs and other organisms which subsist on copepods; 
thence, either directly or through one or two further stages, the larger’ fish. 
The effect is, moreover, liable to be wholly or partly obscured by other 
factors such as the presence of large reserves of liver oil and changes in 
oil content due to spawning. Indeed, the last factor gives rise to the only 
seasonal fluctuation which can be discerned at all in the majority of species. 
The halibut, apparently, is an exception. 



Fig. 1. Mean animal plankton variations, 1907-20, Port Erin Bay; adapted from Johnstone 
et al [1924]. 

The diatom curve is roughly quantitative. The zooplankton curve, wliich is more dia- 
grammatic, reflects the July and September maxima due to copepods, the main curve being 
modified by larvae (early spring and November) and protozoa (June- July). 

Fig. 2. Seasonal variations in vitamin A content of halibut-liver oils (1932). 

Insufficient samples were obtained during March to justify dramng the curve with a 
further subsidiary maximum in the early spring. 


Tables II and III summarise data which have been obtained during 1932 
on halibut-liver oils. Some comment must be made on the statistical significance 
of the results in the last columns of Tables II and III, from which the curves 
in Fig. 2 were drawn. The halibut livers from Aberdeen are representative 
samples of catches made during the greater part of the year, and not less than 
1500 livers were worked up on a laboratory scale over the whole period. The 
material from the Davis Straits was obtained from some 100,000 livers (4500 
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Table II. Halibut-liver oils {samples from Toiry Research Station). 


I^fean date 
of catcli 


12. ii. 32 
15. ii. 32 

22. ii. 32 

23. ii. 32 


7 

. iii. 

.32 

10 

. iii. 

.32 

16 

. iii. 

.32 

5 

. w. 

32 

IS 

. iv. 

32 

18 

. iv. 

32 

24 

. iv. 

32 

27 

. iv. 

32 

is. 

. iv. 

32 

30. 

. iv. 

32 

3, 

16. 

. V. ; 
, V. ; 

B2 

32 

17. 

V. ; 

32 

18. 

AX ; 

32 

20. 

V. *, 

32 

21. 

Y. t 

32 

4. 

Yl. 

32 

10. 

Yl. 

32 

12. 

Yl. 

32 

14. 

vi. 

32 

1. 

vii. 

32 

3. 

vii. 

32 

16, 

Alt. 

32 

IS. 

Adi. 

32 

30. 

Adi. 

32 

3. 

Aidi 

.32 

3. 

vi,ii 

. 32 

3. 

viii 

^32 

9. 

viii 

.32 

9. 

Adii 

.32 

10. 

viii 

.32 

10. 

Alii 

.32 

12. 

Adii 

.32 

14. 

Adii 

.32 

15. 

viii 

.32 

19. 

viii 

.32 

24. 

viii 

.32 

30. 

Adii 

.32 


7. ix. 32 
9. ix. 32 
9. ix. 32 
12.ix. 32 
13. ix. 32 
22. ix. 32 
24. ix. 32 
30. ix. 32 
30. ix. 32 
30. ix. 32 
30. ix. 32 
30. ix. 32 
30. ix. 32 
30. ix. 32 
7. X. 32 
13. X. 32 
21. X. 32 
26. X. 32 


Approx, 
total vd. 
of iiA-ers 
per batch 

Carr- 

Price 


FT 1 “ /o 
^ I cm. 


Esti- 
mated 
% vita- 

Aberdeen 
samples % 
A^itamiii A 
for moiitli 
(AA-'eighted 

ill lbs. 

B.U. 

617Mp, 

oSO nifi 

328 m/x 

min A 

mean) 

30 

— 

10*8 

7*7 

5*5 

0*30 \ 
0*34 1 
0*23 f 


30 

— 

12*1 

8*7 

6*0 

0*26 

30 

60 

7*5 

6*0 

4*25 

30 

60 

6*2 

4*8 

3*5 

()*17j 


30 

— 

70 

47 

30 

1*9 ) 


30 

1600 

139 

80 

42 

2*8 i 

1*65 

30 

71 

10 

6*5 

5*0 

0*25] 


30 

66 

8*2 

5*5 

— 

0*2- 


30 

1030 

— 

— 

— 

ca.2 


30 

1100 

— 

— 

— 

ca.2 



33 

16 

33 

44 

44 

30 

33 

22 

30 

30 

30 

30 

30 

30 

30 

30 

30 

77 

200 


33 

14 

14 


44 


132 

14 

14 

110 

14 

30 

14 

14 

14 

14 

14? 

44 

166 


820 

540 

1900 

210 

205 

2770 

3030 

7630 

780 

865 

285 

890 

625 

1240 

290 

1170 

1800 

775 

500 

270 

1365 

480 

125 

1870 

1340 

385 

210 

3000? 

950 

240 

525 

355 

1080 

1510 

685 

640 

1640 

610 

165 

1750 

1000 

1740? 

975 

895 

800 

1470 

385 

420 

160 

1530 


67 

42 

132 

17*3 

25 

176 

241 

430 

72-7 

90 

18 

113 

45 

121 

20*8 

124 

175 

85 
52 
27 

148 

58 

16- 4 
188 

165 
34 

17- 5 
134 

77 
20-2 

58 
37 
83 

159 

78 
61-5 

126 

54 

13 

166 
98 

102 

71 

59 
52-4 

86 
34 
40 
13*9 
90 


44 

29 

89 
14*6 
14-5 
98 

194 

260 

44-5 

49 
14 
75 
29-5 
74 
124 
73 

101 

52 

33'5 

17 

90 
35 

9-7 

108 

98 

22 

12-5 

81 

44-5 

14 

34 

20 

50 
87 
44 
34 
72 
34 

8-5 

94-5 

55 

60 

44*5 

34*6 

30*4 

52 

24 

24 

8*8 

50 


26 

19 

50 


80 

57*5 

80 

164 

24 

27*5 

8-5 

39-3 

15*4 

36*5 

6*8 

35 

47*5 

23 
15 

8*6 

19 

6*4 

58 

45 

11 

8*75 

42 

24*4 

8*7 

19*2 

12*3 

25-5 

50 

24 
21*7 
41*2 
16*6 

5*5 

48*7 

30 
32 
24 
19 
17*1 
29*5 
15*3 
14*5 

5*4 

31 


1 * 6 '- 
M 
3*1 
0*5 ' 
0*5 \ 
3*6 
5*0 I 
10*0 f 
1-5 
1-7/ 


0*53 

2*5 



0'42\ 
2*45 
3*4 - 
1*7 
1*0 
0*55 
3*1 
1*2 
0*38 
3*75 
3*3 \ 
0*75 > 
0*53 
2*8 
1*6 
0*5 
1*25 
0*8 •’ 
1*7 
3*2 
1*6 
1*3 
2*7 
M 
0*33 
3*2 
2*0 
2-2 
1*55 
1*25 
M 
1*8 
0-95 \ 
0*90 [ 
0*32 1 
1*9 j 


1*5 


3*23 


1*63 


1-41 


1*44 


2*12 




14 

14 

14 


1*02 
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Table III. Halibut-liver oils from the Davis Straits. 


Ksli 

CaiT- 


Vita- 


Vita- 


Vita- 

Mean % 

cauglit 

Price 


min A 

1 cm. 

min A 


min A 

vita- 

(1932) 

B.IT. 

6 17 mju. 

o/ 

/o 

580 m/A 

% 

328 m/x 

0/ 

/o 

min A 

May 

4700 

300 

6-0 

170 

6-54 

90 

5-62 

6 

June 

1400 

90 

1-80 

49 

1*88 

28-7 

1-80 

1*83 

Jiiiie-Jiily 

630 

37 

0-74 

19 

0-73 

12 

0*75 

0-74 

August 

1150 

854 

1-71 

47 

1-81 

27-5 

1-72 

1-74 


tons of fish.) and the livers worked tip on a technical scale. The results of the 
small scale and large scale treatments are consistent. The monthly average 
vitamin A potencies of the samples obtained from Aberdeen exhibit a ver^^ 
sharp maximum in May and a subsidiary maximum in September^ and the 
curve for the Davis Straits samples is qualitatively^ similar over the period for 
which the data are available. 


Discussion. 

The interpretation of Fig. 2 is a matter of some difficulty. The observed 
fluctuations in monthly average potency cannot be attributed entirely^ to varia- 
tions in oil content due to spawning. In the first place, the range of potency 
covered by the Davis Straits samples is about 8:1, whereas all the oils examined 
have represented betw^een 12 and 35 % of the liver weight (i.e. a range of 3: 1), 
the great majority lydng between 15 and 25 %. Secondly, the seasonal fluctua- 
tion ill potency^ is just as marked and shows the same tendeneyr to the same 
two maxima whether spawning occurs in February-May (N.W. Scotland) or 
June- August (northern waters). For this reason all the data for the Aberdeen 
oils have been combined in one curve, whether the fish were caught oif Iceland, 
the Faroes, or Scotland, and the ^'statistical” halibut represented by this curve 
may be regarded as spawning over the whole period from February to August. 

Unless there is some more obscure process operating on or within the halibut, 
the only remaining likely cause of seasonal fluctuations in potency is the varia-» 
tion in available carotene, and it seems significant that the only measure w^e 
have of this factor, namely the abundance of diatoms, should show, qualitatively 
at all events, such a strikingly similar curve (Fig. 1). We hesitate to stress the 
parallelism unduly^ without further confirmatory evidence, and a completely^ 
convincing correlation is naturally very difficult to achieve since the halibut 
does not subsist directly on diatoms. Nevertheless, it seems to us highly 
probable that when carotene (in the plankton) is abundant, vitamin A reserves 
are being replenished by all fish, and that wdien these supplies are small the 
reserves are being drawn upon. The effect on liver oil potency will not be very 
marked in most fish, but the halibut appears to reflect this ebb and flow in so 
marked a way^ as to obscure even the spawning factor. The fact that the 
vegetable plankton is richer in colder waters and that the halibut-liver oi].s 
from the Davis Straits reached in Mayr an average potency^ nearly twice as high 
as the Aberdeen samples, is not inconsistent mth this view, though the larger 
size of fish may also account for the phenomenon. If the latter view is correct, 
it would appear that the larger the fish, the greater the fluctuation, as is shown 
by the low minimum reached by the Davis Straits curve. 

The curves further suggest an enormous consumption of reserve vitamin A 
by^ the halibut during the summer and late autumn, and the possibility cannot 
at present be excluded, as an alternative explanation, that the potency^ fluctua- 
tion may arise from a rhythmic transference of vitamin A between the liver 
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and some other part of the body, influenced' by some unknown factor which 
varies seasonafly in the same way as the diatoms. All this, of course, is pure 
speculation, hut whatever their origin the fluctuations themselves seem real 
enough. It remains to be seen whether the halibut-liver oil curves published 
here are reproducible from year to year, subject, of course, to minor variations 
in time and intensity. We have, however, noticed the same general tendency 
for two successive years, and there is no reason to believe that they were 
exceptional. 

The over-all, range in variation of vitamin A in halibut -liver oils is seen from 
Table II to be certainly not less than 60:1 (10 to 0*17 %) ; more probably, since 
the samples each consisted of mixed oils from a number of livers, nearer 100 : 1 
a much larger range than has been observed in any other species. Seasonal 
fliietuations account for only a small proportion of this' range, and variations 
in the age of the fish caught (which, we are informed, would be from about 
12 to 40 years) may here again be the dominant factor, as it appears to be in 
the case of cod [MacPherson, 1932; 1933]. 

We are, in short, led to infer that the oil obtained from any given halibut 
liver increases in mean annual potency as the fish grows older, and in addition 
fluctuates from season to season over a gradually increasing range. Further, 
the extraordinarily high proportion of vitamin A in some of the samples, together 
with these wide^ fluctuations in concentration, suggests that, at least in the 
halibut metabolism, vitamin A may play an additional role to that usually 
associated with the term “vitamin.” 


Summary. 

1 . The vitamin A content of fish-liver oils covers a range of at least 2500 to 1 . 
No parallelism ^ can be traced between the vitamin A and vitamin D potencies. 

2. Ill certain species, the vitamin A content of the liver oil has been found 
to inciease with the age and/or size of the fish, the total vitamin A reserve 
increasing more rapidly than the oil potency. 

3. Attention is drawn to the fact that the greater part of the carotene 
annually produced by the diatoms, and thus available for conversion into 
vitamin A by marine animal life, is initially synthesised during a comparatively 
short period in the spring or early summer. 

4. Halibut -liver oil is by far the richest known natural source of vitamin A 
■ availahle in quantity, but it has been found to vary in potency over a wider 

range than any other source. Oils containing from 0-17 to 10 % of vitamin A 
have been examined and these apparently do not represent extreme limits. 
JN o correlation has emerged between the immediate diet of the halibut and the 
oil potency [Lovern and Sharp, 1933]. 

5. Halibut-liver oils have been found to exhibit well-marked seasonal fluc- 
tuations m Titamm A concentration which cannot be attributed to changes in 
the oil content of the liver occasioned by spawning. The explanations offered 
are necessariy tentative, but the fluctuations themselves are quite definite. 

b. ihe best oils from the standpoint of vitamin A content are most likely 
to be obtained from large hafrbut caught in northern waters in the late spring 
01 early summer, and in the autumn. Very rich oils at other times of the year 
are exceptional. {MuM%s mutandis this may also apply to the southern hemi- 
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CXCFIIL THE DIET OF THE HALIBUT AND 
TENSITY OF FEEDING, IN RELATION TO THE 
VITAMIN A POTENCY OF THE LIVER OIL. 



By JOHN ARNOLD LOVERN and JAMES GARDEN SHARP. 

From the Torry Resemrli Statio7i, Aherdeefi, of the Department of 
Scientific mid Industrial Research. 

{Received July 14th, 1933.) 

In aii^ endeavour to elucidate tlie factors responsible for the observed wide 
variations in the vitamin A potency of halibut- liver oil [Loverii et al., 1933], 
examinations were made of the stomach contents of a number offish. The method 
adopted was to furnish the skippers of the vessels supplying the livers with a 
typewiitten form, on which, amongst other information, the3r wrote down the 
nature of the stomach contents (as far as ascertainable) of all their catch of 
halibut. Aii}^ material which they could not readily identif}^ was placed in 
bottles of formalin, siipphed for the purpose, and brought back for identification 
at the Torry Research Station. 

^ It w^as reahsed from the outset that food found hi the stomachs only gave 
evidence of the nature of the last meal, and was no clue to the type of food on 
which the fish had been feeding for some time. However, it was hoped that some 
light might be thrown on the source of the unusually large supplies of vitamhi A 
present in the liver of the halibut-even in the poorest specimens. The results, 
however, were entkely negative. In many cases the stomachs were empty, but 
the actual food found was of so varied a nature as to suggest that the halibut ate 
aiiytlimg they could get. The commonest species found in the stomachs were 
torsk, dogfish, catfish, small dabs, and crustaceans, with manj^ other specimens, 
such as megrims, ling, Sehastes norvegicus, etc. In some cases remains of herring 
wore Ibiind, but it could not be decided whether these had come from the 
bait or not. 

It was evident from the vitamin A potencies of the liver oils (as measured by 
the antimony trichloride reaction) that no relationship could be adduced between 
high poteiic}?- and. any particular diet. None of the species found in the stomachs 
IS an miusually rich source of vitamin A, although the one sample of torsk-liver 
oil which was examined was superior to most cod-hver oils. It may be wmrtli 

noting that torsk was found in the stomachs more frequently than any other 

species. 

As the diet seemed to be of so general a nature, with no outstandingly rich 
‘i®°ided to try to get some measure of the intmsitv 
ot feeding. For this purpose, the glycogen content of the livers was chosen as a 
criterion. Admittedly it has obvious drawbacks. It is not known, for instance, 
to wbat extent mtensive feeding, on a diet mainly of proteins and some fat, 
MouM affect the hver glycogen content, nor is it known to wbat extent, or how 
quic v j , Si uggling of the fish on the line would deplete the liver reserves of 



I 


I 


SOURCE OF VITAMIN A IN HALIBUT-LIVER OIL 1471 


glycogen. In any event, wide variations in glycogen content were experienced, 
so large, in fact, that it seems the most feasible explanation to ascribe them to 
dietary causes. Even so, it is extremely doubtful if the values have reference to 
any tiling more remote than the last meal of the fish, but no other means of 
investigating intensity presented itself. 

From fish brought aboard a great-line vessel fishing the Faroes grounds the 
livers were immediately cut out and weighed, a sample of each being preserved 
ill 60 % KOH for^ estimation of glycogen on return of the vessel to port. The 
remainder of the livers, used for oil and vitamin A analyses, was stored in ice in 
two batches ; A, all livers under lb. in w^eiglit, B, all livers over 1-i lbs. in weight. 
The data obtained from the first two experiments are given m Table I. Vitamin A 
potencies are expressed as blue units per 0-2 cc. of 20 % solution. 


Table I. 


Weight of 
whole livers 
(lbs.) 

No. of 
livers 
in lot 

Variation in 
glycogen (g. per 
100 g. liver) 

Average 
glycogen 
(g. per 100 
g. liver) 

Oil (%) 

Vitamin 

(blue 

units) 

< i 

17 

Trace-7-47 

1-57 

10 

269 

>14 

10 

Trace-4- 78 

1-71 

18 

1366 

< f 

21 

0*04-0-90 

0*45 

18 

386 

>14 

8 

0-05-0-79 

0*33 

20 

1337 


So great were the individual differences in glycogen values that in two later 
experiments a somewhat different procedure was followed. In place of storing 
the remainder of the livers in two large batches, each liver was stored separately 
until the glycogen values were obtained. The livers were then put into lots 
according to gtycogen concentration. The results are given in Table II. 


Table II. 



No. of 


Average 




Weight of 

Variation in 

glycogen 


Vitamin 

whole livers 

livers 

glycogen (g. per 

(g. per 100 


(blue 


(lbs.) 

in lot 

100 g. liver) 

\ liver) 

Oil (%) 

units) 

Mean 

< i 

8 

0*01-0-18 

0*09 

12*5 

975 ' 

1 


6 

0*22-0-98 

0*49 

12*0 

1469 

\ 1080 


6 

1-58-3-27 

2*2 

18*1 

797^ 

1 

>14 

5 

0*13-0-62 

0*38 

22 

17421 

1319 


3 

1-48-1-82 

1*67 

22 

S97{ 

< 1 

8 

Trace-0 -56 

0*27 

20 

283' 



4 

0*72-1-67 

1-12 

18 

699 

407 


4 

2-92-6-50 

4-28 

18 

238,, 


>14 

4 

Trace-0- 27 

0*13 

25 

663^ 



3 

0*79-1-02 

0*94 

18 

550 

583 


3 

3-92-6-35 

5*04 

20 

537, 



The tables show clearly that there is no relation between the vitamin potency 
of the oil and the glycogen content of the Hver. 

For each experiment the mean value for vitamin A potency is lower for the 
small livers than for the large ones, this being further evidence in favour of the 
conclusions aheady arrived at [Lovern et al., 1933] regarding age of fish as a 
factor influencing liver oil vitamin A potency. 
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Summary. 

(1) The diet of the halibut is of a general nature, with no outstandino-lv rich 
source of vitamin A to account for the high potency of halibut-liver oil * 

(2) Taking the glycogen content of the liver as a criterion of intensity of 
feeding no correlation could be established between intensity of feedinty and 
the yutamin A potency of the oil. 

(3) Further evidence was obtained that in general the livers of older fish 
afford a more potent oil than those of younger fish. 


REFERENCE. 
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CXCIX. STUDIES IN THE BIOCHEMISTRY 
OF MICRO-ORGANISMS. 

XXXIV. A NOTE ON THE MECHANISM OF THE PRO- 
DUCTION OF PHENOLIC ACIDS FROM GLUCOSE BY 
PENICILLIUM BREVI-COMP ACTUM DIERCKX. 

By albert EDWARD OXFORD and HAROLD RAISTRICK. 

From the Division of Biochemistry, London School of Hygiene and 
Tropical Medicine, University of London. 

{Beceived August 1st, 1933.) 

It was shown in Part XXIV of this series [Clutterbuek et al, 1932] that when 
most species and strains in the P. brevi-compactum Dierekx series are grown on 
synthetic media contaiahig glucose, or glucose and tartaric acid, as sole source 
01 sources of carbon, five phenohc acids are present in the metabolism solution 
when _aU the glucose originally present has been utihsed by the mould. The 
empirical formulae of these five acids are, in descending order of complexity 
mycophenolic acid CwH,„Oe (U (^oH^O, (II), (HI), 0^0, (IV),' and 

3 . o-dinydroxyplitliaiic acid, CgHgOe (V). Their respective constitutional formulae 
have been either completely or almost completely elucidated [see Clutterbuek 
and Raistrick, 1933; Oxford and Raistrick, 1932; 1933]. 

Moiiomethyl ether of 


■COOH 

.H,0 

CO.Cd.CH., 



OH CO 

OH 

COOH|/ Y \0 



HOI I Jo 



(I) 

(] 

OH 


OH 

/\ 


YOOH / 

bCOOH 


JcHOH.CO.CH3 Hol^ 

/CH,.CO.CH, 

V/ 


\ 


HO I jCOOH 


(or tautomerie form) 

(III) (IV) (V) 

We may note here that all five acids are derivatives of resorcinol, and hence 
it seemed unlikely that all would prove to be stable end-products formed from 
glucose by five separate series of reactions, a more likely hypothesis being that 
some of these acids are intermediates in the formation of others. The present 
work was undertaken to discover the exact order of appearance of the phenolic 
metabolic products and the nature of the stable end-products of metabolism. 
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Experimental. 

Tlie strain of P. hrem-comimctum Bierckx chosen (Catalogue Number M 3 (1)) was isolated by 
the late J. H, V. Charles in 1931 from mouldy Italian maize, and in that year gave relatively 
good yields of all five metabolic products when grown on Baulin-Thom medium [see Clutterbuck 
ei al, 1932, p. 1451]. 105 one-litre flasks each containing 350 cc. of Raulin-Thom medium of 
the following composition: glucose, 75 g.; tartaric acid, 4g.; ammonium tartrate; 4 cli- 
ammonium hydrogen phosphate, 0*6 g.,* K2CO3, 0-6g.; MgCOg, 0-4 g.; (^4)3804, l>25g.; 
ZnSO.^, TH^O, 0-07 g.; FeS04, YH^O, 0-07 g.; water to 1500 cc., were sterilised and to each wsTre 
added 3 cc. of a well-shaken suspension of spores in sterile distilled water (total volume, 350 cc.) 
prepared from 4 beer wort agar slopes of the above organism which had been incubated for 
36 days. The flasks, after inoculation, were incubated at 24°, and rapid growth took place, a 
complete felt of mycelium being formed in every flask after 3 or 4 days’ incubation. 26 flasks 
were removed after 8 days when the addition of ferric chloride to a test portion of the metabolism 
solution first showed definitely that phenols were present. The mycelium and the filtered meta- 
bolism solution were dealt until separately, the following tests and estimations being carried out 
on a small average sample of the latter; coloration with ferric chloride; approximate residual 
glucose by polarimeter; bromine absorption value in mg, per cc. (by Ivoppeseliaar’s method). 
The metabolism solution was then evaporated to 400 cc. m vacuo below 50° and worked up 
exactly as described by Clutterbuck et al., 1932], except that the ether extraction at 5-3 was 
omitted. The mycelium was dried, powdered and extracted in an all-glass SoxMet apparatus 
first mth boiling light petroleum (b.p. 50-60°) for 2 days, and then with ether for 2 days. It was 
fomid that when the mycelium contained mycophenofic acid, part of this acid was removed by 
light petroleum (in which it is very sparingly soluble) and crystaUised out from the extract, the 
remainder being subsequently extracted by ether. The ethereal extract was evaporated/ the 
residue was dissolved in a little alcohol and the mycophenofic acid isolated via the insoluble 
dipotasslum salt. 

The remaining flasks were taken oft' at the following intervals: 25 after 11 days; 20 after 
15 days; 20 after 22 days (when all the glucose had been metabolised) and the remaining 14 after 


Table I. 


(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 



Tests on metabolism solution 




Period 

of 

incu- 

bation 

(days) 

Glucose 

meta- 

bolised 

(g-) 

Ph 

Bromine 
absorp- 
tion value 
(mg. 
per cc.) 

Coloration 
with ferric 
chloride 

Tartaric 
acid re- 
covered 
(g*) 

Wt. of 
dried 
my- 
celium 
(g-) 

8 

202 

m%) 

4 

1-82 

Not very 
intense 
brown 

3-0 

66 

11 

269 

(72*5 %) 

4 

2*80 

More 

intense 

brown 

0-8 

83 

15 

333 
(90 %) 

Between 

4 and 5 

3*86 

Brownish- 

purple 

0 

87 

22 

371 

(100 %) 

Bet%veen 

4 and 5 

4-64 

Beep blue- 
crimson 

0 

78 

56 

371 

(100 %) 

About 8 

5-07 

Beep blue- 
crimson 

0 

61 


( 8 ) 


Wt. of C^HaoOg 

(mycopheiiolic 

acid) 

(g-) 

1*67 


( 63 ^ 


in niy- 


A^otes : 


celium) 

2-28 

(61 % in my- 
celium) 

2-67 

(62 % in m}^- 
celium) 

2- 85 

(60% in my- 
celium) 

3 - 49 

(all in metabolism 
solution; none in 
mycelium) 

(а) KeorystalUsed from water m.p. 120-132° (efferv.). Converted into 2:4-dmitrophenyl- 

(б) lilt Ps 7 fiaotion weighed 3-3 g. of which 1-26 g. was (I). The rest (2-04 i) 
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56 days. The last group of flasks was therefore incubated for 34 days after all the glucose had 
disappeared, the mycelial felts being partly waterlogged at the expiry of this period, and the 
metabolic products found in this final metabolism solution "were, therefore, stable or relativelj^ 

stable end-products of metabolism. 

The results are summarised in Table I concerning which the followimr obser- 

vatioiis may be made. ^ 

[a] The data for each period of incubation are calculated on the basis of 
20 flasks containing initially 371 g. glucose, 19 g. tartaric acid and 19 g. am- 

Dioiiium tartrate, the initial of the medium being about 4. 

(5) By tartaric acid recovered (column 6) is meant the weight of tartaric 
acid coi responding to the ethei -insoluble part of the material precipitated 
during the evaporation of the metabolism solution to small bulk. This material 
gave strong reactions for potassium and for tartrates, and its very sparing 
solubility in water indicated that it consisted largely of potassium hydroo'eii 
tartrate. ^ 

(c) The weights of CiqHjqOq, and CgHgO^ recorded in columns 9, 

10 and 12 were isolated from the final fraction extracted by ether at a 
reaction acid to Congo red, the total weight of this fraction being given in 
column 13. The much smaller fraction extracted at p^ 7 was worked up for 
mycopheiiolic acid only ^ but undoubtedly contained small amounts of the Cjo 
compounds. This unavoidable loss accounts in part for the discrepancy between 
the weights recorded in columns 14 and 15. 

The following points arise from a consideration of the results in Table I. 

{a) Utilisation of glucose and utilisation of tartaric acid by P. hrevi- 
GompacUim take place concurrently. Although the presence of tartaric acid 
is necessary for good colour reactions in flasks it is not metabolised pre- 
ferentialijr. 

Table I {cont.). 


(9) 

(10) 

(11) 

(12) 

(13) 

A\'t. of 

(14) 

Total 
wd. of 
crystal- 

(15) 

Total wd. 
of crude 
phenols 
from 

Wt. of 

Wt. of 


Wt. of 

“acid to 

line 

wiiich 

dloBjoOg 

C 10 H 10 O 7 

Wt. of 

CsH„ 0 „ 

(V) 

(g-) 

Congo” 

phenols 

(14) wm 

(III) 

(II) 

C 10 H 20 O 5 

fraction 

isolated 

isolated 

(g-) 

(g-) 

(IV) 

(g.) 

(g*) 

(g.) 

241 

Not detected 
with certainty 
but probably 
present 

Trace detected with 
certainty, m.p. 146- 
150° efferv. remelts 
at 200-220° 

Trace 

3*56 

4*08 

6*0 

3-69 

0-13 

(«) 

Not looked for 

0-03 

5*79 

6*13 

9*32 

4*05 

1-3 

Detected with cer- 
tainty 

Not 

w^orked 

up 

7.97 

8*02 

12*42 

3-65 

3-0 

None 

0-11 

10*55 

9*61 

14*31 

None 

5-14 

None 

0-30 

10*20 

8*93 

(h) 

15*73 

(&) 


bydrazone, m.p. 210-212° decomp, after crystalKsation from ethyl acetate-light petroleum, 
was necessarily lost in the estimation of Cj7H2(,Og (I). 
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(6) For some reason at present unknown the ferric chloride coloration »iven 
by the metabolism solution in the early stages of growth is of no service in 
predicting which phenolic substances are present. 

(c) As long as the of the metabohsm solution is well on the acid side of 
neutrality, the greater part of the mycophenohe acid remains in the mycelium 
This is due to the fact that mycophenolic acid is almost insoluble in cold water 
but is readily soluble in dilute aqueous alkaU. The other phenolic metabolic 
products are, on the other hand, very much more soluble in cold water. 

(d) The stable end-products of metabolism are mycophenohe acid (I) and 
the acids CjoHioOy (hydrated form of 3 : 5-dihydroxy-2-carboxybenzoylmethvl- 
ketone II) and CgH^iOg (3:o-dihydroxyphthahc acid V), but the final yield of 
the last iiaiiied^is small compared with the yields of the other two acids. The 
acid CjoHiqOj (3:5-dihydroxy-2-carboxyphenylacetylearbinol III) is definitely 
an mtermediate product of metabolism since its maximum yield (relatively very 
considerable) is reached on about the fifteenth day, after which, durino- the next 
40 days, it is completely metabohsed. The acid OioHioOg (3;5-dihydroxy-2- 
carboxybenzyhnethylketone (IV)) is never at any time present in other tfiau 
triflmg amount and appears not to be a stable end-product of metabolism. 


Discussion and Summary, 


The results given in Table I definitely prove foui- series of facts, (a) lb) 
(c) and (d), and give fahly clear indication of another series (e). 

(а) The yield of mycophenohe acid (I) increases continuously durino- the 
whole course of metabohsm. A surprisingly large proportion, however (almost 
<^6 /o)j 01 the total amount of mycophenohe acid (I) pi-oduced arises in the very 
early stages of metabohsm (8 days after inoculation) and before growth of the 
orgamsm is complete as is indicated by the weight of mycehum at this stage. 
Only a smaU proportion of the total yield of mycophenohe acid (less than 20 %) 
arises durmg the 34 days’ incubation foUowing the complete disappearance of 
glucose from the metabolism solution. 

(б) The rate of production of the acid CioHjoO, (II) is very different from 

early stages of metabohsm the presence of 
tlie acid could not be detected with certainty, and even after 11 days’ 

incubation when 72-5 % of the glucose had been metabohsed and growth of 
the mould had alnmst reached a maximum, only about 2-5 % of the final yield 
^o-n-ioDv had been produced. On the other hand, about 40 % of 
the total amount of the acid C10H10O7 produced arises towards the end of the 
mcubation penod, ^.e. during the 34 daj^s’ incubation following the complete 
of glucose from the medium. 

*^10111006 (III) increases rapidly to a maximum which is 
reached after an mcubation period of 16 days, by which time 90 % of the glucose 

decreases in amount until this acid has disappeared 

SfiSt w “^’^bation. Like mycophenohe acid 

60 acid CioHioO, (II) this acid is produced in largest amount (about 

i ^ early stages of metabohsm, *.e. after 8 days’ incubation. 

present in large amounts but 
®teaddy durmg the whole course of metabolism, and at least 60 % of 

M The ^ W mn disappeared from the medium. 

St Jp, ;,f aV) is present in very smah amounts in the early 
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It must be admitted that the above results were entirely unexpected and 
are not easy of explanation, though it is hoped to obtain further light on the 
subject bj' a continuation of the work on somewhat different lines. 

In view of the facts that mycophenohc acid (I), the acids (II), 

CioHioOs (III); CioHjoGg (IV) and 3:6-dihydroxyphthahc acid (V) are all res- 
orcinol derivatives, and that all have carbon side-chains in the 1 and 2 positions, 
it was natural to assume that one series of reactions or one set of precursors 
would be common to them all. The results presented do not offer conclusive 
evidence that this is the case. 

We may, however, conclude with reasonable certainty that 3 : 5-dihydi-oxy- 
phthalic acid (V) is an oxidation product of one or more of the other metaboiic 

products. 

Fui thei j the fact that the acid (III) is produced in the early stages of 

growth and disappears completely in the later stages, while the acid (II) 

increases in amount throughout the whole course of metabolism and is produced 
in largest proportions during the later stages, renders it reasonably certain that 
the acid CioHipO, (II) arises by direct oxidation of previously formed C,fH 0 
(III). This change is indeed one which, as has already been shown [Oxford and 
Raistiick, 1933 ], can be readily brought about by purely chemical means. It 
is surprising to find that there^should be a progressive accumulation of the acid 
CioHjoO^ (II), which is an oc-diketone and which, certainly on purely chemical 
grounds, and probably on general biochemical grounds, might be expected to 
be readily oxidised by an organism whose available supplies of energy in the 
form of glucose have been exhausted. 

The origin of the acid C^oHj^o^s is not clear since the sma.ll jdeld and 
the difficulties of isolation render its estimation very difficult. It seems un- 
likely that ^ the side- chain CII2.CO.CH3 in this acid would be oxidised to 

CHOH.CO.CH3 in C2O.H1QO0 (III) more rapidly than the latter side- chain is 
oxidised to —CO . CO . CH3 in (II), as must be the case if (IV) 

is the pieciiisor of the other C^q acids. However, the ease with which it can be 
prepared m vitro from the acid (III) [Oxford and Raistrick, 1933 ] and 

the fact that it is present in the metabolism solution when the yield of the acid 
CioHipOg (III) is at a maximum, whereas it is absent when the acid CioHmO(j (III) 
has disappeared and the 3deld of the acid CiqHjqO^ (II) is at a maximum, indicate 
that it may be formed by the mould by reduction of the acid C^nRuO. (ITT) and 
not by reduction of the acid (II). 

It is tempting to postulate that the acid (III) is also the precursor 

of mj^cophmiolic^acid (I). The results presented do not exclude this possibilit};", 
but a consideration of the constitutional formulae assigned to these two acids 
shows that if this hjrpothesis is to be entertained certain assumptions must be 
made for which there are, so far as we are aware, no existing analogies in 
miciobiological chemistry. Among other chemical changes necessary to convert 
^loHioOg (III) into mycophenolic acid (I) methyl and carboxjd side-chains must 
be introduced into the benzene nucleus. If, however, the possibihty were ad- 
mitted of introducing a — CHO group into the benzene nucleus by a micro- 
biological process, then the introduction of two — CHO groups in the 4 and 6 
positions into the molecule of the acid CxoHjoOg ( 3 : 5-dihydroxy-2-carbox3?'phen3d- 
acetylcarbinol, III) followed by the reduction of the — CHO group in the 
6-positioii to CH3 , and the oxidation of the — CHO group in the 4 -position to 
—CO OH, immediately leads to the substituted aromatic nucleus shown to be 
present in mycophenohc acid (I). 

The possibility that mycophenolic acid (I) is the precursor of the three 
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C|o-acids, wMcli migM be supposed to be formed from it bj?- oxidation, de» 
metliylation and decarboxjdatioii, is rendered improbable bj^ tlie fact that even 
after ail tlie glucose has been metabolised the yields of both mycopheiiolic acid (I) 
and the acid CioHjQOy (II) continue to increase. It must be remembered, however 
that after the glucose has completely disappeared the mycelium decreases ap- 
preciably ill weight, and hence the possibility cannot be ruled out entirely that 
the substances produced from the mycehuni during this period might give rise 
to further amounts of mycophenolic acid (I) and/or the acid (II), 

Further, in view of the relatively large final yield of mycophenolic acid, this 
possibility wwild involve the assumption that, after all the glucose lias 'been 
utilised, the mould loses to a very large extent its former power of oxidisiiitT 
mycophenolic acid. ^ 

Finally it must be pointed out that we have failed up to the present to find 
any indication as to what are the steps involved during the initial formation 
from glucose of the resorcinol nucleus common to all the five phenolic metabolic 
products of P. brevi-compactum, since investigation of the nietaboHsm solution in 
the earhest stages of growth failed to reveal any products of metabolism other 
than the five phenolic metabolic products wdiich we have described previously. 


REFERENCES. 

Clutterbuck, Oxford, Raistrick and Smitli (1932). Biochem. J. 26, 1441 

and Raistrick (1933). Biochem. J. 27, 654. 

Oxford and Raistrick (1932). Bioclmn. J, 26, 1902. 

(1933). Biochem. J. 27, 634. 


CC. THE METABOLISM OF NORMAL 
AND TUMOUR TISSUE. 

XL THE MEASUREMENT OF RESPIRATORY QUOTIENT, 
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THE CONSTANT- VOLUME DIFFERENTIAL MANOMETER. 
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The methods preYiously described in this series make possible the accurate 
measurement of the true respu-atory quotmnt and respiration of tissues suspended 
m a phosphate medium [Dickens and Simer, 1930], or in bicarbonate media 
(including serum) in equilibrium with COj at physiological tension [Dickens and 
bimer, 1931], Additional points of technique were described recently [Dickens 
and feinierj 1933]. These methods may be applied to all types of tissue; but 
when the bicarbonate method is applied to tissues in which the aerobic 
acid pioduction is high compared with the respiration, the glycotysis may not 
persist throughout the experiment at its initial level. For with such tissues, 
although it is adequate with others, the amount of bicarbonate solution which 
can be used may be unable to prevent an undue fall of and increase of 
lactate concentration in the medium. With the simple manometer used, and 
also with the Barcroft manometer as applied to the measurement of respiratory 
quotient by Dixon and Keilin [1933], the permissible bicarbonate reserve is 
limited by the length of the manometer limb and the density of the manometer 
fluid. Increase of the former is inconvenient; increase in the latter results in loss 
of sensitivity. The difficulty has been overcome by the application of the 
constant- volume differential manometer [Dickens and Greville, 1933] to the 
respiratory ^ measurements. It is now possible to use a sensitive manometer 
fluid (Brodie fluid of sp. gr. approximately 1), and to have a volume of bicar- 
bonate solution such that, even with highly glycoh^sing tissues, the glycolysis 
remains nearly constant throughout. The conditions are strictly comparable 
with those of the Warburg [1924] two-vessel method; but whereas Warburg’s 
method gives only the consumed and the' total COg produced by respiration 
and glycolysis, the method now described gives the true respiratory quotient 
and the true aerobic glycolysis, respiratory COg and Og-uptake. 



Method. 

Principle. The constant- volume differential manometer has both vessels 
rigidly attached to manometer limbs which may be moved independentlj?- up and 
down. By this means the meniscus in each limb is kept at a fixed point in the 
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scale, a..iid the contents of the vessel at constant volume ; the difference in pressure 
hetween the vessels is given in terms of height of manometer fluid 'by the 
vertical distance between the menisci in the two limbs. Each limb has a 
tap which enables the vessels, the limbs and the outside air to be connected in 
pairs or all together. When this manometer is used for the measurement of e.q., 
equal weights of tissue are put into equal volumes of medium in the two vessels, 
which are of equal size. Excess of acid is tipped into the medium in one vessel at 
the hegiiiiiing of the experiment, in the other at the end. The pressure difference 
between the two vessels immediately before addition of acid to the mediiiin in 
the first vessel is zero; after acid addition in the second vessel it is equal to the 
pressure increase due to the respiratory COg less the pressure decrease due 
to the absorbed Og. The total CO 2 in both vessels is now absorbed, when 
tlie pressure difference between them represents the 0 ^ absorbed during 
the experiment. This subtracted from the previous pressure difference gives 
the respiratory CO 25 so that the e.q. can at once be calculated. Hence, the 
measurement of respiration and n.Q. necessitates only two readings; that of 
aerobic glycolysis, which is deduced from the pressure change in the second 
vessel during the experiment, demands a third reading in conjunction with 
a thermoharometer. The latter is unnecessary if only e.q. and respiration are 
to be measured. 

Appamtm. The constant- volume differential manometer, its use including 
Ailing with gas and its calibration have already been full}?' described [Dickens 
and Greville, 1933]. For the measurement of R.Q. the only modification lies in the 
use of a special vessel of new design^ (Fig. 1 ). This is of conical shape and of 



Scale of cm. 


Kg. 1. 

20-25 cc. volume. The diameter of the base should be about equal to the height: 
this gives stability to the vessel and large surface to the solutions. The vessel 
contains a separate hmer conical part G, in the centre of the base of which there 
is a small cylindrical vessel D with a lip, like a small jug. D and G have each a 
groove at a suitable point in their rim to facilitate the insertion of pipettes and 
tissue. B is a bulb communicating with the outer part A ; it has a bored stopper 
which can he closed by turning [Warburg and Kubowitz, 1929] and which is 
provided mth hooks from which rubber bands may be stretched to hooks on the 
vessel. On inclining the vessel to the left (Fig. 1 ), liquid may he tipped from B 
into A ; on inclining to the right, liquid first runs from A into i?, and fiiiall}?' the 
contents of D drain almost completely into G, 

^ Made for m by Messrs C. Dixon and Co., 27, Devonshire Street, London, W.C. 1. 
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Having only one stopper, tlie vessel is more convenient and less likely 
to leak than that described for the original bicarbonate method ['Dickens 
and Sillier, 1931]; it is also more stable; hence its use in that method is now 

recoiiimeiided. 

Procedure. The solutions are first measured into the various parts of the 

vessels as follows: 

A. Bicarbonate-containing medium (3-0 cc. are usually taken). 

B. 2*5 N hydrochloric acid, 0*25 cc. 

G. 43 % Nal, 2 H 2 O, 2 cc. (acidified immediately before experiment with 
0*1 sulphuric acid, methyl orange as indicator). 

D. 30 % NaMnO,!., SHgO containing N/400 HgSO^, 0*5 cc. 

The medium must be accurately measured with a grease-free pipette with 
two marks and a fine tube ; such a pipette delivered 3 cc. with an extreme error 
of ± 4 mg. in twelve consecutive measurements. After the solutions have been 
measured, the stoppers of the vessels, greased with a good rubber lubricant 
(Stevens’s rubber grease), are worked in by turning. The tissue is then prepared 
for the experiment. In order to equalise as nearly as possible the conditions of 
the two pieces of tissue, the portions to be used are suspended for 7 minutes in 
bicarbonate- containing medium through which oxygen containing 5 % carbon 
dioxide is passing and are then rinsed for a further 3 minutes in oxygenated 
bicarbonate-free salt solution. Portions are then weighed on a torsion balance 
after draining on filter-paper, the weights for each vessel being equal to the 
nearest mg., and are inserted in the medium in the spaces A. The vessels are 
attached to the manometer by the ground joints lubricated with rubber-grease, 
and placed in the hath. The gas stream (5 % CO 2 in Og), passing first through a 
small water- containing gas-biibhler immersed in the bath and then through a 
cotton-wool plug, enters the apparatus through the upper tubes of the mano- 
meters and leaves through the stoppers of the vessels below the water-level in the 
bath. Extra gas-pressure should be applied by means of a screw-clip or tap on 
the safety device [Dickens and Greville, 1933, Fig. 3]. After the gas has passed 
for 10 minutes, during which the manometer has been continuously shaken, the 
extra pressure is released, the stoppers of the vessels turned and worked in 
until they will no longer move and the manometer shaken for a further 2 minutes 
with the vessels open to the air through the taps. The shaking is then inter- 
rupted, the vessels shut to the air and connected to the limbs, the menisci in the 
limbs being level and at the centre (150) mark. The right-hand tap is turned so 
that the limb is open to the air and the vessel closed : the acid is then tipped from 
the bulb into the medium in the right-hand vessel, the limb being temporarfiy 
taken out of the clips. After the right-hand vessel has been replaced, shaking is 
resumed. If glycolysis is to be measured, a simple manometer should have been 
placed in the bath at the same time as the differential manometer, and readings 
of both manometers are taken at intervals until the end of the experiment. 
When the differential manometer is used as a simple manometer, the two 
menisci are still kept to their appropriate marks, the position of the mark 
on the left-hand limb being read off as usual on the graduated scale on the 
right-hand limb. 

At the end of the experimental period (usually 2 hours), during vkich 120- 
200 mm.^ oxygen should have been consumed, a final reading for use in calcula- 
tion of glycotysis is taken, the meniscus in the left-hand limb is brought to the 
mark, the left-hand tap is turned so that the vessel is closed, and the acid is 
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tipped from the bulb. After shaking has been continued for a few minutes both 
menisci are levelled at their marks, the limbs being open to the air. Both ’limb.s 
are put in communication with theii- vessels and closed to the air, and 10 minutes 
after addmg the acid a reading is taken, the constancy of which is checked 
5 minutes later. This reading less 150 = . The permanganate is tipped into the 

iodide in both vessels and the manometer shaken until constancy of the reading 
shows that gas absorption is complete. This usuaUy requires 35 minutes but 
longer times, up to 1 hour, are occasionally necessary. The final reading less 

xOO " — jL£2 • 

Calculation, Let / 2 -q, = pressure- change caused by consumption of oxvo*en 
and = pressure change due to respiratory carbon dioxide. * ^ ' 

All pressures are reckoned algebraically in terms of mm. of Brodie fluid 
\\it i the procedum described, is always negative, is always positive* 
wlidst gas evolution in the left-hand (experimental) vessel always causes an 
increase m the reading. j o an 

After complete liberation of the bound carbon dioxide in both vessels eaiial 
amounts of bound carbon dioxide having been present at the beginning ’of the 
experiment, any difference of pressure between the vessels is due only to the 
respiratory exchange during the experimental period. “ 

Hence ?7 — 7, j_ 7, 

^1 ~ %2 "b %02 ......( 1 ). 

After complete absorption of the carbon dioxide in the two vessels, the 


H, = hr 


Subtracting, — and, as usual. 


.( 2 ). 


^02 - • ^ 02 ! *002 = . kQQ^ , 


iml are the simple manometer vessel- constants [Warburg, 


Hence, 


R.Q. 


•^'COo 

^'Oo 




■ h: I 


'On 


.(3). 


wmvrfT ? ^ T instrument during the period in 

Sml -t manometer, corrected for thermobarometer changes. 

thearnonntlif bmm^m alteration in 

so that * ” ° ^ expenmental period. By {1),\ =^h-H^, 

= (h - Hj) kQQ^ 


Both vessels contained : 


Table I. 


In 1’ containing ca. 1700 mm.^ bound CO, . 

? n’ % sodium iodide solution. 

in V, O-o cc. 30 % sodium permanganate solution. 

Filled with gas mixture containing 5 % carbon dioxide. 

Pressure change on acidificatian of both vessels (corresponding to error in H,) : 

+ 1, 0, + 1, 0, -1-0-5, 0, -0*5 mm. Brodie fluid. 

GO 2 absorption in both vessels (corresponding to 

+ 1, -r 2, 0, 0-5, 0, 0 mm. Brodie fluid. 
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Table II. 


Pressure difference 


Tissue 

Moist wt. in 
each vessel 

Bicarbonate 

concentration 

(mm. Brodie fluid) 

A 

After After 

(mg.) 

(miff /litre) 

acidification 

absorption 

Rat testis 

100 

26 

0 

- i-5 

Rat kidney 

50 

26 

0 

-1 

Jensen' rat sarcoma 

95 

26 


■ -3 


100 

26 

-1 

-1 

j.- 

100 

34 

“ 1-5 

-1 


.100 

34 

— 2 

0 


Protocols. 

Tlie protocols show results with examples of two types of tissue, (1) a normal tissue of Imown 
E.Q. = 1, with little aerobic glycolysis, and (2) a tumour tissue with high aerobic glycolysis and 
low B.Q. 

(1) Mat brain. 

Thin slices of cerebral cortex; rinsed 5 mins, in bicarbonate-Pdnger in stream of 0^ + 5 % CO 2 , 
5 mins, in salt solution in stream of O 2 , before experiment. 

Gas mixture, Og with 5*46 % COg . Bicarbonate content of Ringer 530 mm.^ COo/cc. 

Glucose 0-2%. 37-2°. Ph 74. 

Differential manometer filled with Brodie fluid: vessel vols. 23-23 ce. (both). 

Contents of vessels : 

4, 3-0 cc. bicarbonate-Ringer-glucose solution + tissue. 

B, 0-25 cc. 2*5 N HCl. 

Cf, 2-0 cc. 43 % sodium iodide solution. 

D, 0-5 cc. 30 % sodium permanganate solution. 


Vol. fluid 5-75 cc. Vessel 
consts, 




Ex'periment , 


Time 

(mins.) 

0 

1 

150 

2 

150 

120 

156 

130 

136-5 

135 

137 

170 

70 

175 

69-5 

185 

70 

Calculation . 



Acidify closed k.h. vessel. 

7i= +3 (corrected for thermobarometer). 

Close L.H. vessel and acidify. Level at 150. Open both vessels to manometer. 




- 13. Add hFaMii 04 to hTal, both vessels. 


Weight of tissue IT®* 60 “g- 

*= (dry (L.H.) 5-0 mg.; (e.h.) 6-3 mg. 

Time of experiment: 2 hrs. 0 min. 

P 2 = ^ 0-2 = - 80 mm. = - 124 mm.^ 
hco 2 —Ml - Ho == + 67 mm. a’cog = + 123 mm.® 

= Ji- = + 16 mm. = +29 mm.® 

= -11-3 (mm.® Og per mg. dry tissue per hour). 

= +2*6 (mm,® acid produced per mg. dry tissue per hour). 
E.Q. =0-99. 


Whence 
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(2) f / eMseii fat sarcomcb. 

11-day tuiiioiir; thin slices; pre-treatment, vessels, ressel-coiistants, gas mixture and solutions 
as for brain (1), except that bicarbonate content of Ringer solution = 666 mm.^/cc • hence n ' 
(initial) = 7-5 ; (final) = 7-3. 37-2^ ’ ’ ' H 

Differential manometer. 


Ex;perment : 


Time 


(mins.) 


0 

Level at 150 i 

30 

-f- 20-5' 

60 

-f 22-5 

90 

25 

120 

4- 27 

150 

+ 27 , 


h= +122 


Pressm?e rea 

.160 

109 

165 

110 

210 

36 

220 

32-5 

235 

32-5 


Pressure changes in 30-inin. periods corrected for therniobaro- 
meter. 


Close L.H. vessel and acidify. Level menisci at 150 mm. Open 
both vessels to manometer. 


H^~~ - 40. Add N'aMn 04 , to Kal, both vessels. 


Weights of tissue | T®* “S' 

Gahulation: 

Time of experiment 2 hrs. 30 mins. 

= h)o = - 1 17-5 mm. = - 182 mm..^ 

\’02 = - Ro = + 77-5 mm. ayoo = + 14-2-5 mm.® 

\ — 162 mm. = + 298 mm.® 

Whence -13-7. 

Q^f=+22-4>. 

R.Q.=0-78. 

Simultaneously made experiments on slices of the same tumour suspended in 1-5 cc. bicar- 

bonate-Riuger by Diokens and Simer [1931] method gave ii.q.=0-81, Qo.= -12-7; whilst a 
determination of aerobic glycolysis by Warburg’s 2-vessel method gave Qj'f = -t22-3, if the value 

of B.y. found by the constant- volume differential manometer experiment given above be assumed 

lor the calculation. 

Notes. 

_ (1) Absorption of carbon dioxide. The production of an absorbent for carbon dioxide by the 
mixmg of two so utions, such as Nal and KMuO„ avoids the necessity of having taps for the 
mtioduetion of allrah into the vessel dui-ing the experiment. The quantities of the reagents used 
for carbon dioxide absorption by Dickens and &mer [1931] are insufficient for the present method; 
more concentrated solutions are used, and it is necessary to use the more soluble sodium per- 
Ims TTfl-™! accompanying the mixing of iodide and permanganate wdiich 

f]„P+ 7 + ^ T absorption may become large with concentrated solutions. It is probably 

• 1^0 ® or of volume. The pressure changes observed on adding 

from” to sodium iodide solutions of various concentrations are shown in Rg. 2, 

str^Lolt- y “*> 008^8 suitable concentrations the pressure change on mibng 

therlrr w r T solutions. We have 

heinfadTl t “o 3H,0 and 43 % Nal, 2H,0, 0-5 cc. of the former 

oomnlete Si ^r' Carbon dioxide absorption by these quantities is rapid and 

vesse volimr 1 7 completely 6-4 cc. carbon dioxide, f.c. 25 % of the 

determtoZ 7t » ttc vessel during a b.q. 

aaermiiiatioii, it is clear that an ample excess of alkali is produced. 
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(2) Accuracy. In tlie absence of tissue, errors may be introduced by inaceurate measurement 
of tlie bicarbonate solutions and uneciual filling of the two vessels with gas. The magnitude of the 
errors occurring in absence of tissue with careful measurement and techniq_ue as described is shown 
by Table I. When equal wet weights of tissue are inserted into the two vessels, the accuracy is 
limited by the agreement in their initial bicarbonate contents and in their gtyeolyses during the 
preliminary period. In the control experiments in Table II amounts of tissue suitable for h.q. 
determinations were prepared and the vessels filled hy the technique described, but 2 'minutes 





-12 


0 10 20 30 40 50 60 

Concentration of Nal, 2H2O ( % weight/ volume) 


Fig. 2. Pressure changes on adding 0*5 cc. 30% NaMnO^j, 3H2O to 2 cc. of sodium iodide solutions 
of various concentrations; 37*3°; air in gas space. 0-2 cc. N NaOH in vessel as CO2 ab- 
sorbent. Permanganate solution contained iV/400 H2SO4, iodide contained H2Sb.j. 


after stopping the gas stream the acid was tipped from the bulbs into both vessels. After a steady 
reading had been obtained, the carbon dioxide was absorbed in both vessels. The figures in the 
fourth column correspond to errors in those in the fifth to errors in In the last two 
experiments the strong bicarbonate-Pdnger solution now used for tumour experiments (see 
Protocol) was taken. If 2 always much larger than if ^ , and errors of a few mm. in ff 2 have a 
negligible effect on the b.q. The possible error in the latter, governed by the error inffi, with a 
respiration corresponding to 100 mm. Brodie fluid, is i;2-5 % . This is equal to the error of the 
Dickens and Simer method [1931]; but it is to be noted that in the present method the necessary 
respiration is only one-half and the bicarbonate reserve over tAvice that obtaining in the earlier one. 

(3) Any oxygen uptake or carbon dioxide production during the experimental period by the 
tissue ill the vessel in which the acid is added from the hulb at the beginning of the experiment 
A¥ill lead to faulty values of .Tq.. and Xco., * The significance of oxygen uptake hy acidified tissue in 
the measurement of s.q. is discussed by Needham [1932, 1, 2]. We have found, however, that 
various types of tissue, when acidified under conditions comparable AAith those of the acidified 
tissue ill the present method, show an oxygen uptake always less than 1 % of that of the non- 
acidified tissue. Further, in absence of carbon dioxide absorbent, such acidified tissue causes no 
pressure change. It is therefore concluded that the presence of acidified tissue in this method has 
a negligible effect on the observed value of the b.q. 

If at the beginning of the experiment, the metabolism of the tissue in one vessel could be 
immediately and completely stopped without altering the acid-base equilibrium, the presence of 
acidified tissue during the experimental period would be avoided, and also there would he no need 








wm 






m 
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for a tlieriiiobarometer to assist in the measurement of h. The method would thereby he improved 
but no suitable agent for killing the tissue has yet been found. * 

(4) This method has been developed during the last two years independently of that described 
recently by Dixon and Keilin [1933], which is essentially an application of the principle" of the 
Dickens and Simer [1931] method to the Barcroft manometer. Not only has the application of the 
eonstaiit-voliime differential manometer, in preference to the Barcroft instrument, made possible a 
method which combines an increased sensitivity with a larger bicarbonate reserve, but also the 
flexibility of the rubber connection between the two limbs allows the use of rigidly fixed vessels 
without the necessity for ground-in bulbs and for the introduction of extraneous fluids by taps 
attached to the vessel. It is our experience that only stoppers which have been worked in until 
they will no longer turn are consistently capable of withstanding without danger of leak the laro^e 
pressure differences involved in the determination of a respiratory quotient. * 


SlJMMAEY. 

The constant" volume differential manometer previously described by the 
authors has been applied to the measurement of respiratory quotient, respiration 
and glycolysis in bicarbonate media, with the help of the principle used by 
Dickens and Simer [1931] in the earlier method for this purpose. Advaiitao’es of 
the new method are: ^ 

1. It is not necessary to use dense manometric fluids. 

2. The sensitivity is increased above that of the previous method, so that 
lor the same accuracy less tissue and a shorter experimental period may be used. 

• same time the bicarbonate reserve in the vessels may be greatly 
increased. This enables accurate measurement of the aerobic acid production of 
highty gly colysing tissue, for which the previous method gave low values. 

• it' conditions for measurement of glycolysis are comparable with those 
in the Warburg two-vessel method; but the new method, like the other two 
described in this series, has the great advantage that the metabolism is 
measured on a single piece of tissue. 

We msli to make acknowledgments to the Halley-Stewart Trust Fund for a 
scholarsiiip held by one of us (G. D. G.). 
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CCL THE ABSORPTION OF ^-HEXADECANE 
FROM THE ALIMENTARY TRACT ' 

OF THE RAT. 
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[Received August 26th, 1933.) 

The degree to whicii iinsaponifiable substances are absorbed from the alimentary 
tract lias assumed considerable importance in the last few years on account of 
the biological significance of the fat- soluble vitamins and carotene. In previous 
papers the absorption of squalene, phytol, oleyl and cetyl alcohols, cholesterol 
and a medicinal liquid paraffin has been investigated [Channon, 1926; Channon 
and CoUinson, 1928; 1929]. In the last case, it was found that the liquid 
paraffin was absorbed to some extent by the rat. Further, from consideration 
of the cholesterol content of the liver unsaponifiable fractions and of the iodine 
values of the non- sterol portion of those fractions, it was deduced that the liquid 
paraffin was present in the liver. By further experiments on pigs, it was found 
possible chemically to isolate the paraffin from the fiver of that animal. These 
results were of interest because fii^stly they demonstrated the absorption of 
hydrocarbons from the alimentary tract to a limited extent at least, even though 
previous investigations had led to the current view that such hydrocarbons 
were not absorbed, and secondly they focused attention on the apparent role 
of the fiver in storing unsaponifiable substances generally. Demonstration of 
the former fact raised the question as to the mechanism whereby such inert 
substances as hydrocarbons are absorbed. Since chemical investigation of the 
liquid paraffin used showed that it consisted of a mixture of polycyclic hydro- 
carbons, it was felt that the positive results obtained for its absorption, which 
seemed at variance with previous work, might be attributable to its particular 
chemical nature. For this reason, it was deemed necessaiy to carry out further 
work using a S3mthetic normal hydrocarbon. 

Experimental. 

Preparation of hexadecane. 

?^-Hexadecane was chosen for this work because it can be prepared readily 
from palmitic acid and secondly, the fact that it is liquid at room temperature 
(m.p. 18°) should facilitate its absorption. Pure ethyl palmitate was prepared 
either from palm oil or commercial palmitic acid. In the main preparation 
348 g. of ester dissolved in the minimum volume of w'arm alcohol (which had 
been previously distilled after dissolution in it of 2 % of sodium and then 
boiled for a day with metallic calcium and again distilled) were slowly run on 
to 209 g. of sodium at 130°. The cetyl alcohol isolated weighed 280 g. (94 % 
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of theory). The alcohol was converted into the iodide by means of red phosphorus 
and iodine and the iodide converted uato »-hexadecane by treatment with zinc 
dust in glacial acetic acid into which hydrochloric acid gas was oceasionallv 
bubbled for a few minutes. The hexadeeane was then distilled. The first nre 
paration (b.p. 2S7“, m.p. 18°) gave C 84-48, H 14-68 % (calc. C 84-85, H 15-15 o / ) 
and this %vas used for exp. I. For exp. II, part of this material wL again dis- 
tilled and the product used gave C 84-60, H 15-1 %. For exp. Ill, the lar»e 
preparation after purification with concentrated sulphuric acid at 130° crivp 
C 84-81, H 15-15 %. ^ ® 

Animal experiments, 

^ In each of exps. I and II, two groups of rats, containing the same number of 
animals of each sex, were fed on a synthetic diet (ease.inogeii 20 butter 10 

starch 60, marmite 5, salt mixture 5) for 21 and 20 days respectively The 
experimental groups received in addition, immediately before feeding, doses of 
hydrocarbon delivered into the mouth from a micro- burette, the dose beiiio* 
p'adually increased from 0-035 to 0-12 cc. daily. The animals were then kiUed 
by chloroform after bemg without food for 24 hours. Then- livers were removed 
fractions prepared as described by Channon [19261. 

Ihe faeces had been coUected twice weekly and stored under absolute alcohol 
and at the close of the experiments the cages and trays were rinsed with ether, 
which was added to the mam extracts. The faeces from each batch of rats were 
then boiled separately with a litre of absolute alcohol. This alcohol extraction 
was repeated thi-ee times and followed by three extractions with ether under 
leflux. The finely powdered residues were then further treated with ether for 
^ Soxhlet extractor. After evaporation to dryness of the combined 
Jcohol-ether extracts, the material was saponified with strong alcoholic potas- 
sium hydroxide and the unsaponified material extracted by ether. After a 

material, the faecal unsaponifiable fraction was 
valS 1 vV£ R T digitonm method and the iodine 

IS tSsSSoS 

The results are recorded in Table I. 


Exps. I and II, 


Table I. 


Duration of experiment (days) 

Amount of hexadeeane administered (g.) 


20 

12 


II 

21 

14 


The unsaponifiable matter of the livers 
No. of animals 
Wt. of livers (g.) 

(a) Wt. of unsap. fraction (g.) 

Wt. of sterol in {a) (g.) 

(5) Wt. of non-sterol fraction of (a) (o- ) 
Iodine value of (a) ^ ^ 

The unsaponifiable matter from the faeces 
(a) Wt. of imsap. fraction (g.) 

Iodine value of fraction 

sterol in unsap. fraction (g.) 

VVt. of non-sterol fraction of (a) (g.) 


Animals receiving 
the control diet 

Animals receiving 
control diet 2^tus 
hexadeeane 

I 

II 

I 

II 

9 

69-4 

0*226 

0*162 

0*064 

94*7 

10 

77*2 

0*320 

0*150 

0*170 

87*3 

9 

79*9 

0*238 

0*190 

0*048 

89*1 

10 

82*3 

0*3835 

0*1788 

0*2047 

90*7 

2*60 

69*0 

0*78 

1*82 

2*26 

62*6 

0*72 

1*54 

5*80 

32*8 

1*00 

4*80 

6*40 

30*1 

1*02 

5*62 
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The results are rendered more lucid by the figures in Table II in wMch are 
recorded the yields of misapoiiifiable material and sterol per 100 g. of liver, 
together with the iodine values of the iioii-sterol fraction calculated from the 
cholesterol content. 


Table II, Yields of unsapoiiifiable matter and cholesterol mg.JlOO g. of liver. 


Ex2:>. I 

Uiisap. 

matter 

Sterol 

l^on-sterol 

Iodine value 
of non -sterol 
fraction 

Control 

325 

233 

92 

169 

Control + liexadecane 

298 

238 

60 

181 

Exp. II 

Control 

415 

194 

221 

106 

Control + hexadecane 

466 

217 

249 

111 


The mean values calculated from 11 control groups of animals in results 
reported by Ghannoii [1926] and Ciiaiinon and Collinson [1928] in similar ex- 
periments are: iiiisap. matter 414, cholesterol 296, non-sterol 118 mg. per 100 g. 
liver, and the figures recorded in Table II all lie within the range of normal 
variation in those 11 experiments. 

Thus the administration of the hydrocarbon has had no significant effect on the 
yield of the unsaponifiable material of the livers, or on its sterol content. Further, 
the iodine values of the non-sterol part of the unsaponifiable fractions show 
no signif].caiit difference between the control and experimental animals. With 
these figures may be contrasted the results of the two experiments of Channoii 
and Collinson [1929] with the polycyclic hydrocarbon mixture. As a mean value 
for two experiments, these authors found the significant result that in the 
control animals the material other than sterol in the unsaponifiable fraction 
constituted but 22*7 % of the whole and had an iodine value of 118-8, as against 
56-2 % and 30-8 for the corresponding figures for the animals which received 
the polycyclic paraffin. It is to be noted however that they too observed no 
increase in the actual amount of the unsaponifiable matter in the livers. 

The unsaponifiable matter of the faeces. 

From the figures recorded in Table I on the unsaponifiable iTaction prepared 
from the faeces, certain deductions may be made. In exp. I the weight of the 
non- sterol fraction in the control group is 1*82 g., and in the faeces of the 
animals which received the hydrocarbon, 4*80 g. The difference between these 
two values, iiamety 2-98 g., gives an approximate value for the amoiiiit of the 
hydrocarbon excreted. Further, an approximate check on this value may be 
obtained from calculations made from the iodine values of the unsaponifiable 
fractions and their sterol content, provided it be remembered that the use of 
the iodine value of cholesterol, 65-8, for the mixture of sterols present in the 
faeces is arbitrary. Calculation on this basis shows in the control group of exp. I 
that the fraction of the unsaponifiable matter which is not sterol, T82g., has 
an iodine value of 70*4, whilst the corresponding fraction for the animals fed 
with hexadecane, 4-80 g., lias an iodine value of 25*9. If the increased amount 
of the faecal unsaponifiable matter in the latter group is due to the presence 
of hexadecane, of iodine value zero, and if that part of the unsaponifiable matter 
which is neither sterol nor hydrocarbon has the same iodine value as the corre- 
sponding fraction from the control group, namely 70*4, the amount of the latter 
may be caloulated. The figure so obtained for the amount oi hexadecane in the 
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feeoal material is 4-80 — l-7o = 3-06 g. which agrees well with the figure obtained 
direetly by difference between the weights of the non-sterol fractions, i.e. 2-98 <>■ 
Therefore in exp. I, of 12 g. of hexadecane administered, 3 g. onty’have been 
excreted. Similar calculations may be applied to exp. II, and the combined 
results are set out in Table III. 


Table III. 


Excretion of hexadecane in the faeces. 


Animals recelTing 
control diet 


Animals receiving 
control diet 
Iiexadecaiie 


(«) 

(b) 

ic) 

id) 


Wt. of non-sterol fraction (g.) 

Iodine value of non-sterol fraction (calc.) 
Wt. of material other than hydrocarbon 
in (a) (g.) (calc, from (b) 

Wt. of hydrocarbon (g.); 

( 1 ) By dxffei'ence from (a) 

(2) By calc, from (b) 


Exp. I 

1-82 

70-4 


Exp. II 

1-54 

61-2 


Exp. I 

4-80 

26-3 

1-75 


Exp. II 

5-62 

22-3 

2*05 


(e) Wt. of hexadecane (g.) (Mean values of 
(cl) 1 and (d) 2) 

Hexadecane administered (g.) 

.Hexadecane not recoA^ered (g.) 


4-80 -1-82 = 2-98 
4-80 -1*75 = 3-05 

Exp. I 

3*00 

12-00 

9-00 


5-62-1-54 = 
5-62-2-05 = 


A -08 

: 3-57 


Exp. II 

3-83 

14-00 

10-17 


In the two experhnents therefore 9-0 and 10-17 g. of the hexadecane ad- 
ministered were not recovered in the faeces. This corresponds with an absorption 
of oO and 49 mg. per rat per day respectively. Hence, although there has been 
no alteration in the amount or character of the unsaponifiable matter of the 
hvers, a definite amount of the hydrocarbon has been absorbed. In view of the 
fact that Channoii [1926] isolated squalene from the livers of rats which had 
received squalene in their diet, and that Channon and Collinson isolated the 
polyeyclio hydi^earbon from the liver of a pig which had received liquid paraffin, 
the failure of the hjffirocarbon to appear in the hver is unexpected. Since the 
liver seems to fulfil the r61e of storing unsaponifiable substances, the absence 
of hexadecane suggested that the 19 g. absorbed by 19 rats in 21 days may 
have been completely oxidised or less probably stored in part elsewhere. It 
was accordingly decided to carry out a further experiment more closely akin 
to the conditions of that of Channon and Collinson [1929] and at the end to 
attempt to determine whether the hydrocarbon were present not only in the 
hvers but also in the carcases. In this experiment, the hvdrocarbon was iii- 
eorpOMted in a similar diet to the extent of 4 % for 15 days which was increased 
! r 1 ^ ® percentage of starch being correspondingly 

Ti! to keep the experiment as quantitative as possible 
incorporating the hexadecane in the 
run ^ ^ quantity of diet was melted and 

H K +7 ®: ^yg^®'^^«-“ount of hydi-ocarhon in another vessel. After mixing, 
of mixture was incorporated in the dry diet, the remaindl- 

of the butter being used successively to rinse out the vessel in which the 
hexadecane and butter had been mixed. 

The unsapomfiahle fractions of the livers and faeces were prepared as in the 
previous experiments, and after removal of the entire aliSaw trLT the 
carcases were also worked up. They were warmed on a JaSaJh S 5 % 

> - c e by ether. The fat was then resaponified with alcoholic 
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potash and the iinsaponified material obtained. In view of the large ainomit 
of fat present prior to the second saponification, the resultant product was 
again submitted to saponification with alcoholic sodium etiioxide. The results 
of exp. III are set out in Table IV. 


Exp. III. 


Table IV. 

Duration of experiment 25 days, Hexadecaiie administered 149 2 . 


Animals receiving 
the control diet 

13 

107-2 


Animals receivin.g 
the control di,et 
plus liexadeeaiie 

13 

111-0 


The iinsapoiiifiable matter of the livers 
No. of animals 
Wt. of livers (g.) 

Wt. of unsap. fraction (g.) 

Wt. of sterol in imsap. fraction (g.) 

Iodine value of unsap. fraction 
Wt. of material other than sterol (g.) 

The unsaporiifiable matter of the carcases afte 
Wt. of unsap. fraction (g.) 

Wt. of sterol in unsap. fraction (g.) 

Iodine value of unsap. fraction 
Wt. of material other than sterol (g.) 

The unsapoiiifiable matter of the faeces 
Wt. of misap. fraction (g.) 

Iodine value of imsap. fraction 

The results calculated on a percentage of the weight of liver are recorded 
in Table V. 


0-34.03 

0-3276 

0-2327 

0-2402 

83-3 

65-8 

0-1076 

0-0874 

of the alimentary tract and liver 

5-01 

8-04 

2-68 (53-5 %) 

3-63 (45-1 %) 

73-8 

58-2 

2-33 

4-41 

3-90 

118-3 

53-7 

9-4 


Table V. Yields of unsaponifiaMe matter and cholesterol nig.jlOO g. of liver. 


Control diet 

Control diet + hydrocarbon 


Unsap. 

matter 

317 

295 


Sterol 

217 

216 


Non-sterol 

100 

79 


Iodine value 
of non-sterol 

122 

66 


These figures also show no increase in the amount of the unsapoiiifiable 
matter in the livers of the experimental group although the iodine value of the 
non-sterol fraction is 66 compared with 122 for that of the control animals, a 
result similar to that of Channoii and Collinson, previously mentioned. The 
amount of hydrocarbon in the faeces, about 114 g., leaves 35 g. unaccounted for. 
This corresponds to a dail}^ absorption per rat of 108 mg. an amount rather 
more than twice as great as was obtained in exps. I and II, a result to be 
anticipated because in those experiments the animals received the hexadecane 
in drops before being fed in the morning, vrhile in exp. Ill the considerably 
greater amount of hydrocarbon administered was dissolved in the butter before 
admixture with the rest of the diet. 

On the other hand, although increase in the amount of iinsaponifiable matter 
of the livers has occurred, study of the figures recorded in Table IV reveals the 
fact that the amount of iinsaponifiable matter yielded by the carcases of the 
experimental animals, 8*04 g., is some 60 % greater than that of those of the 
control group, 5*01 g. 

Further the non-sterol fraction present is 4-41 g. compared with 2*33 g, of 
the control group. Assuming that the increase is due to the presence of hexade- 
cane only, simple subtraction suggests the presence of 2*08 g. of that substance. 
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Fiirth.er 5 if the iodine value of the material wliicli is not sterol or hydrocarbon 
ill the iinsaponifiable fraction from the animals which received hexadecane is 
the same as that of the non-sterol material from the control group, calculation 
shows that the former must contain 1*65 g. of a saturated substance. This figure 
is in fair agreement with that obtained by simple subtraction, 2-08 g. The pre- 
sumptive evidence of the presence of the hydrocarbon in the carcases was 
strengthened by the semi-liquid appearance of the uiisaponifiable fraction from 
the experimental group and its low acetyl value, but it was not finally confirmed 
by chemical isolation of the hexadecane. We believe, however, that the evidence 
is sufficiently convincing to enable us to say that from 1*5 to 2 g. of hexadecane 
or some other saturated substance derived from it has been stored in the tissues 
other than the liver as a result of feeding. Thus of 149 g. of hexadecane ad- 
ministered, about 114 g. has been excreted in the faeces, and of the remaining 
35 g., about 1*85 g. has appeared in the tissues, leaving about 33 g. un- 
accounted for. 

Discussion. 

The degree to which the hexadecane has been absorbed needs to be assessed 
with caution from these results. In exps. I and II the amount of h3ffiro carbon 
not recovered in the faeces corresponds to 49 and 50 mg. joer rat per daj^ re- 
spectivety and in exp. Ill to 108 mg. per day. These figures are open to two 
possible sources of error : firstty that the accuracy of measurement as determined 

the intake and excretion method is limited for the reasons discussed in a 
previous paper [Chaimon and Coilinson, 1928] and secondly it is not impossible 
that part of the hexadecane ma^^ have been attacked b^^- bacteria in the large 
intestine, since, as is mentioned later, certain moulds at least are able to utiHse 
higher ?i-hydro carbons as a sole source of carbon. We may perhaps dismiss the 
latter possibility as one unlikety seriously to impair the results on account of 
the slowness with which such an action is likely to take place, while the former 
should not in any case render the results markedly inaccurate. If therefore the 
results are accepted at their face value, a number of deductions may be made. 

(1) That ^i-hexadecane is absorbed from the alimentaiy tract of the rat to 
the extent of between 50 and 100 mg. per day. 

This result is essentialty similar to those previously obtained with sqiialeiie 
[Chaimon, 1926] and wdth a liquid paraffin 'which was proved to be a mixture 
of polycyclic hj^drocarbons [Channon and Coilinson, 1929] in that absorption 
is definite although the degree of absorption is very limited. It is to be noted 
that previous experiments suggest that squalene is absorbed even to a. less 
extent than is hexadecane. So far as appears at present therefore the chemical 
nature of the hydrocarbon has little effect on its degree of absorption which is 
possibly conditioned by its solubilit}^ in bile salt solutions of fatty acids. 

(2) 111 exp. Ill, in which the unsaponifiable matter from the entire bodies 
of the animals w^as prepared, of 35 g. of hexadecane not recovered in the faeces, 
only about 1*5 g. were present in the tissues, and hence 13 rats have apparent^ 
metabolised 33-5 g. in 25 daj^s. Such a finding that the animal appears to 
possess the power to metabolise a normal aliphatic hydrocarbon is an unexpected 
oim. On the other hand the work of Taussoii [1925] and Hopkins and Cliibnall 
[1932] has shown that certain moulds can utilise higher paraffins as a sole source 
of carbon, while Tausz and Peter [1929] showed that certain soil bacteria possess 
similar powers. The utilisation of higher normal hydrocarbons by moulds shows 
that these substances, even though possessing no polar group, are not immune 
from attack at least by this form of living matter, and hence the disappearance 
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of some 33 g. of liexadecane in our experiments on tlie rat may be less surprising 
than appears at first sight. 

(3) The third point worthj^ of note is that the absorption of hydrocarbon 
has not resulted in an increase in the percentage of the unsaponifiable matter 
ill the liver. This result is the same as was obtained by Channon and Collinsoii 
[1929] when they administered a liquid paraffin to rats, where the percentage 
of unsaponifiable matter did not rise although the iodine value of the non- sterol 
fraction was modified in a similar way to that in exp. Ill of this paper. It w^as 
this finding w’hich led these workers to continue the work on pigs from the liver 
of which the hydrocarbon was isolated. On the other hand, when sqiialene was 
administered to rats Channon [1926], the liver unsaponifi.able matter rose to 
about 1 % . It is difficult to suggest why the effects of the administration of 
sqiialene which is apparently less well absorbed should cause such a marked, 
rise ill the liver unsaponifiable matter, when that of liexadecane causes no rise 
whatever. Similarly, of the alcohols previously investigated in this experiment 
pliytol, oleyl and cetyl alcohols and cholesterol only the last caused a signi- 
ficant rise in the liver unsaponifiable matter. 

(4) The failure of the hydrocarbon to raise the liver unsaponifiable matter 
significantly is the more surprising in view of the presence of the hydrocarbon 
in other tissues of the animals, presumably the fat of adipose tissues. During 
recent years work on the fat- soluble vitamins and the investigations which have 
been carried out on other substances of peculiar biochemical interest which 
occur in various fish-liver oils (batyl, selacliyl, chimyl and other alcohols, 
sqiialene and other hj-drocarbons) has tended to focus attention on the liver 
as the tissue where unsaponifiable substances are generally to be found. This is 
in part because other tissues, so far as the slight extent to which they have been 
investigated shows, contain unsaponifiable substances in relative!}" insignificant 
amount only. Further, cholesterol is the main constituent of this fraction. 
Hence it may appear surprising that the hydrocarbon should not be obviously 
present in the liver. On the other hand, presumably the capacity of the liver 
for unsaponifiable substances generally must be limited by their nature and 
therefore it would perliaj)s be that such a saturated substance as a hydro- 
carbon ivould find its way into the fat depots, if it were not readily oxidised. 

Summary. 

1. Synthetic %-hexadecaiie has been admmistered to two groups of 9 and 
10 rats for periods of 21 days respectively and the degree of absorption measured 
by the preparation and analysis of the unsaponifiable fractions of the faeces of 
these and the control groups of animals. 

2. The results indicate an absorption by the rat of 50 mg. of liexadecane 
daily. This absorption had no effect on the amount of the unsaponifiable matter 
of the livers, nor on their cholesterol content, nor on the iodine value of the 
non- sterol fraction. 

3. In a third experiment 149 g. of synthetic n-hexadecane ivere administered 
to 13 rats for 25 days, being incorporated in the diet to the extent of 5 %. 

4. The degree of absorption measured by the intake and excretion method 
corresponded to each rat having absorbed 108 mg. per day and resulted in the 
iodine A^alue of the non- sterol fraction of the unsaponifiable matter of the livers 
falling from the control value of 122 to 66. 

5. After removal of the livers and alimentary tracts, the carcases of the 
animals were examined for the hydrocarbon, and of the 35 g. of tile latter not 
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rc-jcovered from the faeces, evidence was obtained of the presence of 1*85 g. in the 
tissues. 

6. The disappearance of the remaining 33-15 g. suggests that the aiiiinal 
organism can metabolise normal aliphatic hydrocarbons. 
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CCII. ON THE THERMOSTABILITY 
OF PROLAN. 

By FREDERIC ANDERTON ASKEW 
AND ALAN STERLING PARKESi. 

National Institute for Medical Research, London, A. IF. 3. 

{Received July 21st, 1933.) 

Many authors have confirmed Zondek and Aschlieim’s [1928; 1929] original 
experiments on the tlierniolability of the ovary-stimulating substance found by 
them ill the anterior pituitary lobe and in the urine of pregnant woinen*^. All the 
observations, however, appear to have been made on material heated in aqueous 
solution, and the possibility that heating the substance in the dry state might give 
different results has been overlooked. In attempting high vacuinn distillation of 
the active substance from a dried crude extract of urine, we were led to examine 
the activity of residues subjected to temperatures of 80°, 100° and 150° for an 
hour in a high vacuum. It has been found that the active substance of urine of 
pregnancy is not readily destro^md at 100° when heated in the form of a dry 
powder, although we have confirmed the fact that heating in the presence of 
water results in complete and rapid destruction. 

Methods and material. 

Prolan extract. The same urine extract was used throughout the experiments ; 
it was stored at — 2° as a dry powder, under which conditions it reniaiiis 
indefinitely stable. The extract was crude; 10 mg. caused ovulation in 39 out 
of 40, and 5 ing. in 33 out of 65 oestrous rabbits [Parkes and White, 1933] . 10 mg. 
have therefore been considered as the amount required to cause ovulation with 
reasonable certaiiity.^ The heated samples were tested in the same way, by 
intravenous injection followed next day by a sterile laparotomy under ether 
to ascertain if ovulation had occurred. 

Healing in dry condition. The samples heated invacuowexe spread on the inside 
of a thill- walled glass vessel, which was then evacuated by a -two-stage merciiiy 
vapour pump connected through a trap cooled with liquid oxygen. The vacuinn 
attained was higher, probably much higher, than 10“^ mm. Hg. The evacuated 
vessel was heated in a suitable liquid bath. 

Samples heated in ox^^geii or nitrogen were placed in an ampoule, which was 
then alternately evacuated and filled four times with the required gas dried by 
passage over P2O5 . The ampoule was sealed off after the final admission of dry 
gas. 

Heating in aqueous solution. For obtaining an oxygen-free solution, the 
sample was weighed into an ampoule from which air was displaced by a current 
of nitrogen. 10 cc. of distilled water, boiled and cooled in a current of nitrogen, 

^ Youlerton Student of the Iloyal Society. 

“ To material from this latter source Zondek and Aschheim have given the name “prolan,” 
which is used here for lack of a better one. 
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were added. During the heating a slow stream of nitrogen was passed through 
the sohitioii. 

In the converse experiments, oxygen -was bubbled through the solution during 
the heating. 

Effect of heating in aqueous solution* 

Coiifirmatorj?' experiments on the thermolability of prolan tested in aqueous 
solution 'VYere carried out as shown in Table I. The results show that: 

(a) Yerj brief heating to 100"^ in water causes destruction. Our actual 
experimental figures show a loss of not less than 90 % after 5 minutes. Tests on 
material heated for 1 hour were carried rather further and indicate a loss of not 
less than 98 %. Destruction is probably complete in both cases. 

Table I. Effect of heating prola^i in aqueous solution. 


No. of 
exp. 

Temperature 

n 

Duration of 
heating 
(hrs.) 

Atmosphere 

Amount 

tested 

(mg-) 

Resi 

3 a 

100 

1 

Oxygen 

25 

— 

Ic 

100 

1 

Nitrogen 

30 

_ 

Id 

100 

1 

Nitrogen 

30 

_ 

S G 

100 

1 

Oxygen 

100 


3d 

100 

1 

Nitrogen 

500 


6c 

100 

1 

4' 

Nitrogen 

100 

__ 

7 5 

100 

i- 

Nitrogen 

250 


7 a 

100 

A 

Nitrogen 

100 

_ 

9 a 

60 

1 

Nitrogen 

10 

4- 

9 b 

60 

1 

Nitrogen 

10 

— 

10 a 

60 

1 

Nitrogen 

10 

+ 

10 b 

60 

1 

Nitrogen 

10 


8a 

60 

1 

Air 

20 


8b 

60 

1 

Air 

20 

+ 

7 c 

60 

1 

Nitrogen 

50 


8c 

60 

1 

Air 

50 

+ 

8d 

60 

1 

Air 

50 


6 a 

60 

1 

Nitrogen 

100 

+ 

8/ 

60 

1 

Air 

100 

+ 


[h] The destructive action does not appear to be influenced by the atmo- 
sphere in which the solution is heated. 

(c) Heating to 60° in water for 1 hour is less destructive. At least 50 % of the 
activity survives this treatment. 

Table II. Effect of heating prolan in the dry state. 


No, of exp. 
GS 7 R 
GS 9 R 
GS9R 
la 
2b 
2c 
2d 
4b 
4 c 
4d 
4 e 

GS 11 R 
GS 11 R 
GS12R 
eb 

8c 

GS 13 R 


Temperature 

(°) 

80 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

150 

150 

150 


Duration of 
heating 
(hrs.) 

1 

■=>- 

i 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

3 

1 

1 

1 


Atmosphere 

Vac. 

Vac. 

Vac. 

Nitrogen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Oxygen 

Vac. 

Vac. 

Vac. 

Nitrogen 

Nitrogen 

Vac. 


Amount 

tested 

(mg.) 

20 

20 

10 

10 

10 

10 

10 

10 

10 

10 

10 

5 

10 

10 

100 

50 

20 


Result 


+ 

+ 


+ 

+ 
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Effect of heating in the dry condition. 

The results obtained heating the dry powder were in striking contrast to 
those given, by heating aqueous solutions. The experiments are summarised in 
Table II which shows that 10 mg. of the dry powder heated to 100*^ for 1 hour or 
more gave a positive response in 10 out of 11 experiments. Comparing this 
response with the known activity of the unheated powder, it is evident that 
resistance to the treatment must have been almost if not quite complete. Even 
heating to 150 ° for 1 hour failed to destroy all activity, five times the usual dose 
being active after such treatment. 

Discussio^t. 

The experiments described above demonstrate conclusively that whereas the 
ovulation-producing substance of urine of pregnane}^ is readity destroyed by 
heat in the presence of water, it is remarkably thermostable in the dry state. 
This difference in stability to heat confirms the suggestion that the destructive 
action is iiydrotytic in nature [Marshall, 1932] but, unfortunately, it is not easy 
to see what use can be made of the property in the purification of extracts. 

On the other hand, one important practical use can be made of the findings 
recorded above, i.e. in sterilising the extract. Adequate sterilisation for injection 
has hitherto been a serious difficulty in the administration of urine extracts . 
Bacterial filters suffer from two drawbacks : {a) the active principle is absorbed 
on the asbestos unless the pjj is carefully adjusted, and (6) the final product is 
iiecessarity a solution, in which form the substance is not stable. By taking 
advantage of the thermostability in the dry state, it will he easy to enclose 
within one ampoule the recpiired amount of sterile powder and sterile water, with 
a suitable arrangement for mixing when required for injection^. 

SUMMAE,Y. 

(1) The ovulation-producing substance of urine of pregnancy is readily 
destroyed by heating in aqueous solution. 

(2) The substance is, however, remarkably thermostable in the dry state; 
exposure to 100° for 1 hour or more causes no detectable loss of activity. 

(3) The exclusion of oxygen does not appear to affect the stability either in 
aqueous solution or the dry state. 

^ Ampoules of this type are already used by phannaceutical firms for other substances. 
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IN OX-SERUM. L 


By JOSEPH PINE. 
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{Received August OtJi, 1933 .) 

In the iiiYestigation described below the presence of vitamins A and B in ox- 
serum was sought for by means of biological tests. 

Sherman and Bojmton [1925] have abeady shown that rat-blood contains 
vitamin A. 

Its presence in serum is a matter of inference, rather than of direct evidence 
from the experiments of Euler and Virgow [1932], who showed that the carotene 
isolatcid from serum possesses vitamin A activity. 

vitamin Bj was found absent from blood [Kollath, 1930] while vitamin B 
was found to be present [Hoagland, 1923]. 


Technique. 

The experiments w^ere carried out with white rats, all being pure bred 
nistar stock and reared at the laboratory. The young were put on to the 
experimental diets when 3-4 W’-eeks old and weighing between 30 and 40 »•. 

Four diets w^ere used in the experiments having the following composition : 
the quantities given are the da% rations per rat in g. (or cc. in the case of 
liquids). 

Caseiiiogen 

Hardened cottonseed oil 
Rice starcli 
Lemon juice 
Salt mixture 
Dried 3 ^east 
Irradiated cholesterol 
Cod-liver oil 
Ox-serum 

^utamiii content of diet 


Diet 1 

Diet 2 

Diet 3 

Diet 4 

3 

2 

2 

3 

2 

91 

-,i, 

2 

iO 

10 

10 

10 

1 

1 

1 

1 

1 

1 

1 

1 

1 

I 

1 

0 

1/200 

1/20 

1/200 

0 

1/200 

0 

1/200 

1/20 

0 

10 

0 

10 

ABCD 

BCD 

BCD 

ACD 


+ serum - 


+ serum - 


vitamins 


vitamins 

on a formula by McCollum 

and Davis and 


NaCl 

MgS04,7Ho0 
NaHoP04, HoO 
K.HP0/ ‘ 
CaH4(POJ, H^O 
Ca lactate 
Fe citrate 
KI 


4-7 

7'1 

9-4 

25-8 

14-6 

35*2 

3*2 

Trace (0-003 %) 
100 
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Tile clioiesterol used was activated by dissolving 2 g. in 100 cc. wami light 
petroleum and exposing to ra 5 .^s from a mercury vapour quartz lamp at a distance 
of 12 ins. for 30 iiiiiiutes. 40 cc. liquid paraffin were then added, and the ether 


No. of 
rat 

Diet 

Vitamins in diet 

Table I. 

Initial 

Aveight 

Gain in 
Aveight 

Period of 
observa- 
tion 
(days) 

Fate of rat 

22 

1 

A, B, C, D 

41 

159 

56 

Survwed, healthy 

23 

1 

>) 

43 

142 

56 

24 

1 

,, 

43 

172 

56 


47 

2 

B, C, D and serum 

29 

105 

55 


48 

2 

,, 

32 

136 

55 


49 

2 

,, 

30 

141 

55 


57 

2 


38 

147 

56 


58 

2 

>> 

36 

109 

56 


59 

2 


36 

179 

56 

,, 

60 

S 

B, C, D 

39 

39 

52 

Ataxic 

61 

S 

>) 

32 

28 

57 

Died 

62 

3 


37 

51 

54 

,, 

50 

4 

A, C, D and serum 

32 

— 

24 


51 

4 

,, 

32 

3 

25 


52 

4 


33 

5 

25 

?<» 



Diet 1. Diet com- 
plete ill vita- 
mins 

Diet 2. Dietwitli- 
out vitainin A, 
but ox-seTiiin 
added 


Diets. Diet with- 
out vitaiiiiii A 


Diet 4. Diet with- 
out vitamin B, 
but ox-serum, 
added 


Fig. 1. Chart shoAving that serum contains vitamin A but not the vitamin B complex. 

was evaporated off on a steam-bath. The resulting solution contained 5 mg. 
irradiated cholesterol in 0*1 cc. oil. This amount was administered daily to the 
rats means of a graduated pipette. 

Ill the case of rats receiving cod-liver oil in addition to irradiated cholesterol, 
a mixture was prepared, 0-1 cc. of which contained 5 mg. of cholesterol and 
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0-05 cc. cod-liver oil. This was obtained by adding 20 cc. liquid paraffin and 
20 cc. cod-liver oil to the irradiated solution of 2 g. cholesterol in 100 cc. licrht 
petroleum and evaporating off the ether. ^ 

The diets xvere so prepared that the addition of serum did not increase the 
calorific value of the diet. Thus when a daily ration of 10 cc. serum was allowed 
the corresponding amount of protein was deducted from the caseinogen ration! 
As the serum used had a protein content of 7-5 % (as determined by the 
Kjeldahl method), a 10 cc. ration represented 0-75 g. protein: rats receiving 
serum were therefore given 2-25 g. caseinogen instead of 3 g. daily. ^ 

111 the latter part of the experiment lemon juice was not added to the diets. 
This omission, however, wvas not made until it had been definitely established by 
other experiments that lack of vitamin C did not affect the rats in weight or in 
any other way over a period of several months longer than the duration of the 
present experiment (two months). 

15^rats were used in the investigation: 3 were put on diet 1 (complete in 
vitamins); 6 on diet 2 (containing serum instead of vitamin A); 3 on diet 
3 (containing no vitamin A) ; 3 on diet 4 (containing serum instead of vitamin B). 
The rats were weighed at least twice a week. 

The results are indicated in Table I and Fig. 1. 

Eesxjlts. 

Jhtamin A. From Table I and the accompanjdng chart it is clear that serum 
contains vitamin A, since when serum is added to a diet deficient in vitamin A 
growth proceeds normal^. 

^ Since the average rate of growth of the rats was 2*8 g. per day on diet 1 and 
2 5 g. pel day on diet 2, the vitamin A content of 10 cc. serum is approxiniatelv 
90 % of that of 0-05 cc. cod-liver oil; Le. the vitamin potency of the serum used 
was 1/200 (0*45 %) that of the sample of cod-liver oil used. 

Vitawiin B. As the animals on diet 4 died in 3—4 weeks with scarcely any 
gain in weight, it is clear that the vitamin B complex is not present in serum. 
Ihe possibility exists, however, of one or other of the components of vitamin B 
being present in serum. 

Conclusion. 

Ox-serum contains vitamin A but does not contain the vitamin B complex. 
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CCIV. THE ACTION OF ¥ITAMIN C ON THE 
OXIDATION OF TISSUES IW VITRO. 

By DOUGLAS CREESE HARRISON. 

From the Departnmit of Pharmacology, Sheffield University. 

{Received August 12th, 1933.) 

A FEW years ago, Szent-Gyorgyi [1928] isolated from tlie adrenal cortex a 
strongly reducing substance, “ iiexiiroiiic acid.” He showed that this substance 
could be reversibly oxidised and reduced, and suggested that it might play the 
part of an intermediary hydrogen carrier in tissue respiration. Recently, 
Svirbely and Szent-Gyorgyi [1932] produced strong evidence that ‘Giexuroiiic 
acid'’ — since renamed ascorbic acid — is identical with vitamin C, and subsequent 
work has largely confirmed this. 

It seemed probable that if vitamin C does play a part in tissue respiration, it 
might be possible to demonstrate its action by adding ascorbic acid to tissues 
w^hich had been depleted of their store of vitamin C, that is, to the tissues of 
animals suffering from scurvy, and testing whether the addition of the vitamin 
increased the surviving respiration of the tissue. On carrying out the experiment, 
using the tissues of scorbutic guinea-pigs, it was found that the addition of 
vitamin C even in very small quantities does bring about a definite increase in 
the respiration of the tissues m vitro. 

Expeeimextal. 

Guinea-pigs w^eighing about 300 g. were fed on a scurvy-producing diet con- 
sisting of bran, 60 %; rolled oats, 30 %; separated milk pow^der (heated for 
2 hours in the oven at 120° with occasional stirring), 10 %. Water was given 
ad lib. and each animal received 0*5 cc. cod-liver oil weekly. The normal (non- 
scorbutic) control animals received the above diet with the addition of 3 to 5 cc. 
of fresh lemon Juice daity. On this diet, the animals without lemon juice began 
to lose weight in about 3 weeks and showed definite symptoms of scurvy, wdiile 
the control animals continued to grow. The animals were usually taken for 
experiment after about 3 weeks on the diet, though some were taken earlier than 
this. Equal numbers of male and female animals were used. The tissues examined 
were liver and muscle. 

The guinea-pig was killed by a blow on the neck and allowed to bleed, and the 
tissues w’-ere quickly taken out and prepared, the liver by cutting thin slices by 
hand with a razor, and the leg muscle by cutting into small pieces with sharp 
scissors. Samples of the tissue were then weighed out on the torsion balance and 
suspended in phosphate buffer at 7-4, either with or without vitamin C, in 
the bottles of the Barcroft differential manometric apparatus. Phosphate buffer 
was used in the experiments rather than a bicarbonate-Ringer solution, since it 
was desired to follow the course of the reaction, and in the manometric methods 
involving the use of bicarbonate buffer in equilibrium with a COg gas mixture, it 
is only possible to take one final reading of oxygen uptake. The phosphate buffer 
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was prepared by treating If/o KH2PO4 solution with the requisite amount of 
A/5 AaOH and diluting to 4 times its original volume. In the earlier experiments, 
the liver slices were cut with a razor moistened with buffer solution and were 
then wa-slied in phosphate buffer, blotted on filter-paper and weighed. It -was 
found, how'ever, that much better agreement between duplicates was obtained if 
the liver slices were cut with a razor moistened only by the liver tissue fluid 
itself, the unwashed slices then being well mixed on a watch glass, divided into 
approximately equal portions with sharp scissors and equal amounts weighed out 
on the torsion balance. 'This technique w^as used in the majority of the experi- 
ments described in this paper, and the agreement between duplicate experiments 
on the same tissue was usually within 5 % . 

In parenthesis, it ma}^ be mentioned that a very convenient method of 
■ checking the constants of the manometric apparatus was found to be given by 
the oxidation of alkaline ferrous sulphate. A suitable amount (depending on the 
range of the apparatus) of standard ferrous sulphate solution, slightly acidified 
with H2SO4 , was run into each right-hand bottle from a micro-burette, and, after 
bringing the apparatus into equilibrium in the bath and closing the taps, excess 
of AaOH was tipped into the solution. This can readily be done from a small 
tube suspended on the soda tube of the bottle. The oxygen uptake due to the 
oxidation of the ferrous iron reaches completion in about 15 minutes, and the 
method has the advantage that the calibration can be done under the same con- 
ditions as those under which the actual experiments are carried out. 

The manometers used for the controls without vitamin C and the experiments 
wdth vitamin C were frequently interchanged. 

Two different samples of ascorbic acid were used in these experiments. Both 
W'ere colourless, crystalline preparations and, wlien titrated with iodine, took 
up exactly 2 atoms of iodine per molecule. The ascorbic acid solution was pre- 
pared freshly just before each experiment by dissolving the ciystailine acid in a 
small volume of phosphate buffer and bringing the pg- back to 7-4 by adding the 
theoretical amount of N/5 JSTaOH. An equal amount of ascorbic acid in phos- 
phate buffer but without tissue was always added to the left-hand bottle of the 
apparatus to compensate for the small oxygen uptake due to the autoxidation of 
ascorbic acid itself. In all experiments, the total volume of fluid in each bottle 
was 3*0 cc. The bottles were filled with oxygen rather than with air in order to 
reduce the possibility that the thickness of the tissue might be a limiting factor 
in the rate of diffusion and uptake of oxygen. A further reason for using oxygen 
iiVas that the properties of ascorbic acid suggested that it might function as an 
intermediary hy^ogen carrier betw-een the reducing systems of the cell and 
activated oxygen. If this were so, its catalytic effect might be expected to be 
greater if the oxygen-activating systems of the cell were saturated with oxjrgen. 

In filling with oxygen, the technique of Dixon and Tiiimicliffe [1923] was 
used, the vessels being evacuated simultaneously to a pressure of about 100 mm. 
Hg and allowed to fill with oxygen, the evacuation and filling being carried out 
three times. The manometers were then shaken in a water-bath at 37°, allowing 
them to shake in the bath for 10 minutes before closing the taps and commencing 
to take readings. The COg given off by the tissue was absorbed by rolls of starch- 
free filter-paper soaked in 40 % KOH in the small inset tubes in the bottles, and 
the ox^^gen uptake was measured over a period of 2 hours. About 45 minutes 
usually elapsed between the killing of the animal and the first reading on the 
manometer. Most of the determinations were carried out in duplicate on the 
same tissue both with and without vitamin C, and the mean values of oxygen 
uptake of the pairs with and without the vitamin respectively were compared. 
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Table I shows the effect of 0-25 mg. of ascorbic acid (concentration 0*08 mg. 
per cc.) on the oxj^geii uptake of liver slices from scorbutic guinea-pigs. The 
oxygen uptake figures are the totals over a period of 2 hours, and the tissue 
weights are given as wet weights. All the experiments, with the exception of the 
first three in the Table, were carried out in duplicate, both with and without 
addition of the vitamin, a total of 17 scorbutic guinea-pigs being used. 


Table I. Oxygen uptake of scorbutic liver respectively ivith mid without 
0-25 mg. vitamin C. 


Tissue weight 

Alone 

-1- Vitamin € 


percentage 

in mg. 

miii.^ O 2 

mm.® Oo 

Difference 

increase 

154 

194 

232 

38 

4-20 

174 

252 

272 

20 

-f 8 

237 

130 

205 

75 

4-57 

300 

466 

541 

75 

-1-16 

300 

527 

566 

39 

-!- 8 

285 

286 

370 

84 

-i-29 

300 

400 

503 

103 

-^-26 

225 

144 

164 

20 

-1-14 

300 

361 

547 

186 

+ 52 

185 

145 

173 

28 

4-19 

100 

158 

183 

25 

-1-16 

255 

523 

600 

77 

-}- lo 

250 

357 

404 

47 

-1-13 

152 

338 

373 

35 

+ 10 

300 

437 

458 

21 

4- 5 

207 

405 

450 

45 

4-11 

200 

230 

349 

119 

-1-52 

It can be seen that there is a variable but very definite increase in the oxygen 
uptake of scorbutic guinea-pig liver produced by the addition of 0*08 mg. per cc. 

of vitamin C. 





A fe 5 v experiments have been carried out wuth 0*1 mg. 

ascorbic acid in 3 cc. 

and a definite increase in the oxygen uptake of scorbtitic liver was produced. In 

one experiment with 0*05 mg. 

of the vitamin 

in 3 cc., a 

completely negative 

result was obtained. 





Table II shows the effect of addition of 0*25 mg. of ascorbic acid in 3 cc. on 
the oxj^gen uptake of liver slices from nine normal guinea-pigs. iVpart from the 
first two experiments in the table, the experiments w^ere all carried out in 

duplicate and the conditions w^ere identical with those in 

the experiments wdtli 

scorbutic liver. 





Table II. Oxygen uptake of normal liver 

ivith and without O' 26 nig. 



vitamin C. 



Tissue weight ' 

Alone 

+ Vitamin C 


Percentage 

ill mg. 

mm.® 0.2 

mm.® O 2 

Difference 

difference 

300 

793 

762 

-31 

- 4 

215 

625 

619 

- 6 

- 1 

*197 

91 

95 

+ 4 

-f- 4 

214 

416 

367 

-49 

-12 

200 

467 

466 

- 1 

0 

232 

400 

384 

-16 

- 4 

200 

328 

328 

0 

0 

300 

720 

659 

-61 

- 8 

283 

464 

459 

„ 5 

- 1 


* In this experiment, the tissue had stood in air for 2 hours before testing. 
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It is clear that no increase is produced by addition of the yitamin to liver 
slices from normal guinea-pigs, in fact, if anything, there is a slight decrease in 
the oxidation in presence of ascorbic acid. 

It should be mentioned that the results both in this table and those with 
scorbutic animals in Table I are in no way selected. They are the results of all 
the experiments I have carried out with the exception of one which was carried 
out on a guinea-pig obtained from another laboratory and believed to be suffering 
from scurvy. In this case, no increase in oxygen uptake was obtained on addino- 
0-25 mg. ascorbic acid to the hver slices, but on post mortem, examination no 
signs of scurvy could be found in the animal. 

It was not found possible to correlate the amount of increase in oxygen 
uptake produced on addition of the vitamin with the degree of scurvy from whi ch 
the animal was sufl’ermg. While most of the scorbutic guinea-pigs showed definite 
haemorrhages aroimd the knee joint, some of the biggest increases in oxyo'en 
uptake were obtained with animals which had been fed for a relatively short 
time on the scorbutic diet and which, though showing symptoms of scurvy on 
post mortem examination, appeared lively and well nourished. It appears very 
unlikely, therefore, that the effects observed were due to the inanition which 
occurs in the later stages of scurvy. 

It was observed that in most of the experiments with scorbutic tissue, the 
accelerating effect of vitamin C on the oxygen uptake became much grkter 
durmg the second hour than it was during the first hour, and the pereentao-e 
increase in uptake produced by the vitamin calculated on the second hour alone 
gave much larger figures than those shown in Table I. Possibly this may be due 
to the slow diffusion of the vitamin into the tissue, or to a smalf residual quantity 
ot vitamm C m the scorbutic tissues which becomes used up, the effect of added 
vitamin C then becoming greater. 

No attempt has been made to calculate the results in terms of oxygen uptake 
per g. of tissue, since it was found consistently that under the conditions of these 
experiments, the oxygen uptake per g. of tissue is dependent on the amount of 
tissue taken. Using two different weights of the same tissue, the uptake per o- 
was always greater with the greater weight of tissue. Possibly some oxidative 
catalyst diffuses out of the cell into the buffer, and the velocity of oxygen uptake 
of the tissue depends on the concentration of this substance in the surroundino- 
fluid. It IS consequently difficult from the results in Tables I and II to calculate 
average figures for the oxygen uptake per g. of scorbutic and normal tis,sues. 
A further difficulty is that the time elapsing between the death of the animal 
and the first measurement varied in different experiments. On the whole, how- 
evei , in comparing experiments in which equal or approximately equal weights 
of fiver were used, it appears that the oxygen uptake of the scorbutic tissue is 
definitely lower than that of the normal tissue. The addition of ascorbic acid 
tends to raise the uptake of the scorbutic tissue towards that of normal tissue 
latlier than to increase the uptake above the normal value. 

A few experiments have been carried out on muscle, but these experiments 
fiave been less satisfactory, since I have been unable to prepare thin slices of 
muscle, and when chopped muscle is used a great part of the oxygen uptake 
occurs while the apparatus is being brought into equilibrium in the thermostat, 
the experiments indicate, however, that both with 0-1 mg. and 0-25 mg. of 
ascorbic acid, there is a shght increase in the oxidation of the muscle of normal 
animals and a relatively large increase in the oxidation of muscle taken from 
scorbutic ammals, though too few experiments have been done to justify a 
quantitative comparison. 
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Recent experiments by Harris and Ray [1933] indicate that the guinea-pig 
requires about ^ one mg. a da3^ of vitamin C for normal maintenance. It seems 
therefore that in the experiments that I have described, in which the effects in 
oxidation have been produced in vitro by the vitamin in concentrations of 
0*08 mg. per cc. or less, the vitamin is acting in concentrations which are not 
iinphysiologically large. 

That these findings have some relation to events in the intact animal is 
indicated by a recent paper by Sbderstrom and Tornblom [1933], in which it is 
shown that feeding guinea-pigs on a scurvj^-prodiicing diet results in a marked 
decrease in the uptake of oxj^gen hj the intact animals. 

It is probablj^ premature to attempt to speculate on the relation of these 
findings to scurvy as a disease. It is not difficult to imagine, however, that 
impeded oxidation in the scorbutic animal might lead to loss of tone in the 
capillary muscles, leading to increased permeability and the characteristic 
haemorrhages associated with scurvy. 

Tissues other than liver and muscle have not so far been examined. 
Gavrilescu et al. [1932] have shown that the action of vitamm concentrates 
in restoring the lowered oxygen uptake of polyneuritic pigeon’s brain is specifically 
concerned with the glucose-lactate enzyme systems. Experiments designed to 
determine what oxidising system or systems are linked up with the activity of 
vitamin C are now in progress. 

SXJMMAEY. 

The surviving respiration of tissues taken from normal and scorbutic guinea- 
pigs was measured manometrically in ox^^gen, both with and without addition 
of vitamm C (ascorbic acid). With scorbutic animals, using thin slices of liver 
suspended in phosphate buffer (pjj 7-4), the oxjrgen uptake is lower than that of 
liver from normal animals. 

The addition of 0*25 mg. of ascorbic acid in 3 cc. brings about an increase in 
the oxygen uptake of scorbutic liver slices amounting to 5 to 57 % (average 
25 %). With normal guinea-pigs, the oxygen uptake of the liver was unaffected 
or even slightly decreased hy the addition of 0*25 mg. of ascorbic acid. Using 
chopped muscle, the ox^’-gen uptake with normal guinea-pigs wsbs slight^ 
increased with 0-1 to 0*25 mg. ascorbic acid, while with muscle from guinea-}3igs 
suffering from scurvy, a relatively large increase in oxj^gen uptake w^as obtained. 

The author is indebted to Prof. E. Mellanb^^ for his interest in this work. 

Part of the expense of the work was defrayed hy a grant from the Govern- 
ment Grant Committee of the Royal Society. 
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CCV. THE EFFECT OF TESTICULAR HORMONE 
ON NORMAL SEXUALLY MATURE RATS. 

A METHOD OF BIOLOGICAL ASSAY. 

By VLADIMIE KOEENCHEVSKY, MARJORIE DENNISON 
AND ALICE KOHN-SPEYER. 

From the Lister Institute, London. 

(Received August 14th, 1933.) 

In the previous paper [KorencheVsky et al., 1933, 1] a study was made of the 
mfluence of a purified preparation of testicular hormone isolated from human 
urine on young normal rats, about one month old, i.e. on rats sexually immature 
at the beginning of the injections. The injected animals, as compared with the 
controls, showed depression of the deyelopment of the testes in most eases with 
small closes and in all rats with large doses. The prostate with seminal vesicles 
and the penis were, in most cases, slightly decreased in weight with small doses 
whilst with large doses an increase in weight was obtamed and also an acceleration 
in the involution of the thymus and a shght increase in the growth of the kidney 
No large or constant changes were found in the weights of the other organs or hi 
the body weight. In the present paper a description is given of experiments per- 
Icirmed on normal adult rats which had reached sexual maturity at the beo-innino' 
of the injections. " o » 

Technique. 

Experiments were performed on 37 rats belonging to 9 litters. The ages and 
weights of the rats are given in Table I. The age at the beginning of the experi- 
ment of the first six litters of 29 rats was from 74 to 77 daj^s. The 4 rats of 

lable I. Age and average iveiglit of the rats in each group of each litter. 


iMo. of 
litter 

1 

2 

3 

4 

■ 5 

6 

7 

8 
9 


No. of 
rats in 
litter 

6 

5 


Initial age 
(days) 

77 

75 

75 

75 

75 

74 

134 

261 

About 1 year 


Final weight of rats 


Controls 

330 

305 

322 

361 

312 

364 

341 

476 

595 


0-5 E.r. 

313 

290 


1 B.U. 


380 

350 


10 E.r. 

329 

312 


297 

341 

344 

401 

456 


litter V were used m the present experiment about 3 weeks after the end of 
another ^penment m which they had been fed on a diet partially deficient in 
the intervening thi’ee weeks they were fed on a complete diet 
with the addition of 5 drops of cod-hver oil daily. For this reason the results with 
this httu , as well as those with the four much older rats of litters 8 and 9, are not 
included in the averages in Tables III to VI, but are given separately in these 
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Tables. Tlie results of litters S and 9 have been averaged since each litter con- 
sisted of only two rats, one control and one injected rat. 

A preparation of testicular hormone, isolated from human urine and dissolved 
in sesame oil, prepared by Messrs Schering Ltd., was used for the injections^-. 
This preparation vras assayed by us, using our method of assay [Korenclievsky 
et al., 1932 ] and was found to contain about 50 rat units per cc. In the experi- 
ments two small doses of 0*5 b.it. and 1 r.u. and one large dose of 10 R.ir. per 
da}^ were used, injected in half doses twice a day, the period of injection being 
21 days in litters 1 to 7 and 10 days in litters 8 and 9. The rest of the technique 
was the same as that used by us in our previous experiments [Korenclievsky ei nl, 
1933 , 1 ]. . ■ 

Influence on the weight of the rats. 

As can be seen from Tables I and II, neither the difference in. the final weight 
nor ill the gain in weight wms of such a degree or constancy that any definite 
significance could be attributed to these with the possible exception of the rats 

Table II. Influence on gain in iveight. 

Average gain in weight (g.) in each group of each litter after the injection of testicular liormoiie. 


No. of 


Actual gain 


Gain per 100 g. 

of initial w*eight 

Control 

Rats injected with 


Rats injected with 

litter 

rats 

0-5 R.ij. 

1 E..IT. 

10 R.ir. 

Control 

0-5 B.F. 

1 R.Uo 

10 E.U, 

1 

55 

42 


56 

20 

15 



21 

2 

43 

44 

— 

48 

16 

IS 



18 

3 

40 

— 

47 

— 

14 



17 


4 

49 

— 

07 

— 

16 



21 



5 

22 

— 

55 

25 

8 



19 

9 

6 

53 

— 

— 

43 

17 

— 



14 

7 

35 

— 

— 

31 

11 





10 

8 + 9 

9 

— - 

— 

10 

2 

— 

— 

4 


injected with 1 r.it. All the rats of this latter group in all three litters gained 
more than either their controls or the rats of the same litter injected with other 
doses of the homioiie. In litters 3, 4 and 5 the average gain in weight per 100 g. 
of initial weight of rats wms 21-4 % , 31-3 % and 137-o % more than that of the. 
controls. 

Influence on testes. 

The results are summarised in Table III. The changes in weight of the testes 
were small, more particiilariy when considering the results calculated for the 
same unit of bod}^ weight, being on the average in the three different groups of 
litters 1 to 6, — 2*7 %, -f 5*3 % and — 9*2 % as comjiared with the average for 
the control group. 

Ill litters 7 to 9, of older rats, a decrease was noted in the weight of the testes, 
wiieii calculated per 200 g, of body weight, of 21*i % and 27*4 %. As can be 
seen from Table III, a constant although small decrease in the w-eight of these 
glands was only obtained with the large dose of 10 e.u., the decrease occurring in 
all litters except litter 5 . A preliminary histological examination of the testes of 
the injected rats in no case revealed any changes in the seminiferous cells or in 
spermatogenesis. The Leydig’s cells in the testes of rats injected with the large 
dose of 10 R.U., limvever, seemed fo contain less protoplasm and had smaller 
nuclei than those of either the control rats or of those injected with 0*5 and 
1 E.U'. Detailed histological results will be published elsewhere. 

1 We wish, to express our thanks to Messrs Schering Ltd., for kindly supplying this preparation. 
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Table III. hifiuence on testes^ 

The average weights (g.), actual and calculated per 200 g. of body weight, of testes of normal 
rats in each group of each litter and their percentage change after the injection of testicular 
horiiioiie. 


Eats injected with Percentage change 

iNo. of Control , ''' . - X 


litter 

rats 

6-5 E.U. 

1 R.U. 

10 R.U. 

( 

0-5 E.u. 

1 R.U. 

10 R.U. 

A. .Actual weights. 






1 

2-581 

2-408 



2-173 

-6-7 



2 

3 

2-952 

2-228 

2-677 

2-575 

2-511 

-9-3 

+ 15-6 

- 14-9 

4 

3-215 

— 

3-211 

— 



- 0-1 


(> 

2-340 

— 

2-735 

2-292 



+ 16-9 

~ 2-1 

fi 

3-076 

■ — 

_ 

2-649 



- 13-9 

Average 

2*732 

2-543 

2-840 

2-406 

-8-0 • 

+ 10-8 

-11-7 

7 

2-022 

— 

— 

1-598 




21 -0 

S+9 

3-592 

— 

— 

2-111 

— 

— 

-41-2 

-B. \Peights per 200 g. of body weight. 





1 

1-565 

1*545 

— 

1-337 

■~l-3 


- 14-6 

2 

1-935 

1-855 

— 

1-611 

-4-1 



- 16-7 

3 

1*384 

— 

1-608 

— 



+ 16-2 


4 

5 

1-785 

l-oOO 



1-688 

1-577 

1-544 

— 

- 5-4 
+ 5-1 

+ 2-9 

6 

1-693 

— 

— 

1-554 

— 


- 8-2 

Average 

1-644 

1-700 

1-624 

1-512 

-2-7 

+ 5-3 

- 9-2 

8 + 9 

M91 

1-357 

— 

— 

0-940 

0-985 

— 


-21-1 

-27-4 


Thus with the small doses no definite changes in the testes were obtained, 
while after the injection of the large dose a slightly depressing effect on the 
Leydig’s cells and in most litters a small decrease, if any, in the weight of the 
testes were indicated. 

Influence on prostate with seminal vesicles and picnis. 

No definite effect on the weight of these sexual organs (Tables IV and V) was 
tound as the result of the injection of testicular hormone, the variations obtained 
being small and not constant. 

However, it is significant that in most litters a decrease of prostate with 
seminal vesicles, although slight, was present, indicating that the preparation 
liaci no stimulating effect on these organs in adult normal rats. 

Influence on thymus. 

In all the rats receiving injections of 1 and 10 b.ij. the thymus w^as smaller 
tlian in their controls, the average decrease in weight, calculated per 200 g. of 
O ' y weight, being 23 % and 2o*5 % respectively for the six litters of younger 
decrease in litter 7 was 50-4 % and in litters 8 and 9 was 18-6 % 

(iablev). 

Influence on kidneys. 

In the pre^nous paper [Korenchevsky et al., 1933, 1] the injection of testicular 
normone into young normal rats was shown to be followed by a slight increase 
m the weight of the kidneys. 

^ ef Periment this increase was only found consistently in those 

rats ot the first six htters which were injected with 10 E.u. the average increase 
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Table IT . Influejice on prostate with seminal vesicles. 

Tlie average weights (g.), actual and calculated per 200 g. of body "weight, of the prostate 
and seminal vesicles of the normal rats in each group of each litter and their percentage change 
after the injection of testicular hormone. 


]S[o. of Control 


Rats injected with 


Percentage change 


litter 

rats . 

0-5 R.iT. 

1 K.XJ. 

10 R.U. 

0-5 E.U. 

1 E-.H. 

10 E.IT. 

Actual waughts. 







1 

1-685 

1-4S9 

— 

1-880 

-11-6 



+ 11-6 

2 

1-823 

1-298 

. — 

2-088 

- 28-8 



+ 14-5 

3 

■ 1-482 

— 

1-476 

— 



- 0-4 



4 

2-173 

— 

2-041 

— 



- 6-1 



5 

1-859 

— 

1-744 

1-764 



- 6*2 

- 5-1 

6 

2-386 

— 

~ 

1-578 


— 

- 33-9 

Average 

1-901 

1-394 

1-754 

1-828 

-20-2 

- 4-2 

- 3-2 

7 

2-351 

— 

___ 

2-458 





+ 4-6 

8 + 9 

3-596 

— 

— 

2-665 

— 


-25-9 

Weights per 200 g. 

of body w^eight. 






1 

1-022 

0-954 

— 

1-151 

- 6-7 



+ 12-6 

2 

1-195 

0-896 

— 

1-340 

-25-0 



+ 12-1 

3 

0-920 

— 

0-910 

— 



- 1-1 



4 

1-205 

— 

1-072 

— 


-11-0 



5 

1-191 

— 

0-994 

1-188 

— 

-16-5 

~ 0-3 

6 

1-314 

— 

__ 

0-927 

— 


-29-5 

Average 

1-141 

0-925 

0-992 

1-152 

-15-9 


- 1-3 

7 

1-379 

— 



1-433 





+ 3-9 

S + 9 

1-400 

— 

— 

1-252 

— 

— 

- 10-6 


Table V. Influence 07 i pe7iis, thyjnus, kidneys and int7'a-abdo7nmal fat. 

Average percentage changes in weight (actual and per 200 g. of body weiglit) of the organs in each grouj:) of ea/di litter 
of the rats injected witli testicular hormone, as compared "with those of control rats. 


Penis 


Tlivniiis 


Kidneys 


Intra-abdominal fat 


i\o. of 

f 

.A 

’i 

f 



w 

, 




f 



^ 

litter 

0-5 :b.u. 

1 E.U. 

10 E.U. 

9-5 E.U. 

1 E.U. 

10 E.TJ. 

0-5 E.U. 

1 E.U. 

10 E.U. 

O-O E.U. 

1 E.U. 

10 E.U. 

A. Actual \FeightiS 












1 

— 14-5 

— 

- 2-5 

+ 18-4 

— 

-21-0 

+ 0-2 

— 

+ 14-4 

-5-0 

. — 

+ 2-2 

2 

-11-8 

— 

+ 9-0 

- 2-0 

— 

-11-5 

-18-6 

— 

+ 6-9 

+2-2 

— 

+ 1-i 

3 

. — 

+ 4-2 

— 

— 

-23-1 

— 

— 

+ 17-4 

— 

— 

— 27-7 

— 

4 

— 

~ 0-7 

— 

— . 

— 6-3 

— 

— 

+ 4-8 

— 

— 

+ 19-7 

— 

5 

— 

- 2-1 

- 1-8 

— 

-29*3 

-48-3 

— 

+ 18-5 

+ 14-S 

— 

+ 70-7 

-19-3 

6 

— 

— 

-10-5 

— 

— 

-26-6 

— 

— 

+ 4-7 

— 

— 

— 31*6 

Average 

-13-2 

+ 0-5 

- 1-5 

+ 8-2 

-19-6 

-26-9 

- 9-2 

+ 13-6 

+10-2 

-1-4 

+ 20-9 

-11-9 

7 





+ 14-6 





-50-2 

— 

— 

+ 9-4 

— 

— 

+ 8-4 

8+9 

— 

— 

+ 2-5 

~ 

— 

-31-1 

— 

— 

-22-5 

— 

— 

-16-8 

B. Weights per 200 

g. of body weight. 










1 

- 9-3 

— 

_ 1.6 

+24-9 

— 

-20-1 

+ 5-8 

— 

+15-1 

-1-9 

— 

+ 1-7 

2 

- 7-1 

— 

+ 6-7 

-i- 3-9 

— 

— 13-5 

-14-1 

— 

+ 4-5 

+7-3 

— 

- M 

3 


+ 3-8 



-23-2 

— 

— 

+ 16-7 

— 

— 

-28-0 

— 

4 

— 

- 6-1 





-10-1 

— 

— 

- 0-6 

— 

— 

+ 13-9 

— 

5 



-12-0 

+ 3-2 



-35*6 

-45-7 

— 

+ 4-8 

+20-8 

— 

+48-9 

-15-2 

G 

— 

— 

- 4-5 


— 

-22-5 

— 

— 

+ 11-7 

*— 

~ 

-28-3 

Average 

1 

00 

- 4-8 

+ 1-0 

+14-4 

-23-0 

-25-5 

- 4-2 

+ 7-0 

+13-6’^ 

+2-7 

+11-6 

-10-7 

7 





+ 12-5 





-50-4 

— 

— 

+ 8-7 

— 


+ 7-9 

8+9 


— 

+26-9 


_ 

-18-6 

— 

— 

— 4-5 

— 

— 

+ 8-4 
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being 13 % . The changes in the kidneys of the rats injected with the small doses 
and in those of the old rats were less constant (Table V). 

Infltietice on other organs. 

No definite influence could be seen on the fat deposition (Table V) or on the 
weights of the adrenals, thjToid, hypophysis, liver, spleen or heart (Table VI) 

Table VI. Influence on adrenals, thyroid, hypophysis, liver, spleen and heart. 

^ Average percentage changes in weight {actual and per 200 g. of body weight) of organs of the 
injected rats as compared with those of the control rats. 

Weights per 200 g. of 
body weight 



No. of 

Actual weights 


vve 

Organs 

litter 

0*5 E.U. 

1 E.U. 

10 E.tT. 

0*5 E.U. 

Adrenals 

1 to 6 

- 9*1 

+ 10*2 

- 1*1 

- 3*9 


7 

— 

. — 

- 9*2 



8 + 9 

— 

— 

- 19*6 



Tiija’oid 

1 to 6 

-12*7 

+ 7*1 

+ 1*7 

- 8*0 


7 





- 2*8 



8+9 

__ 

— 

- 9*1 



Hypophysis 

1 to 6 

- 8*0 

+ 7*7 

+ 7*0 

-1*7 


7 

— 



- 6*7 



8+9 

— 

— 

- 2*8 


Liver 

1 to 6 

- 5*9 

+ 10*5 

+ 3*1 

-0*9 


7^ 

— 

— 

+ 4*1 




8+9 

— 

— 

-16*5 



Spleen 

1 to 6 

- 0*6 

+ 6*9 

- 2*2 

- 0*9 


7 

. — 

— 

+ 0 



S+9 

— 

— 

-24*1 



Heart 

1 to6 

-* 7*4 

+ 11*4 

+ 0*1 

-2*4 


7 

— 

• — 

- 3*3 




S + 9 

— 

— 

-13*2 




1 R.IT. 

4-4 

+ 0*7 


10 E.U. 
-i- 1-8 

-11-9 
~ 3-4 
+ 4-2 

- 4-6 
+ 11.0 

+ 9-9 

- 8-1 
+ 22-2 

+ 5-3 
-}- 3-2 
+ 3-8 

+ 0*5 
- 2*1 

- 3*7 

+ 2*8 

- 3*1 
-fl5*3 


Discussion. 

The eha'nge in weight of the organs, used as a method of assay of different 
substances as applied to nornial rats. J J JJ ■ <> 

fn,. ?h Pf [Koren^f sky, 1930, 1932, 1, 2] a method was proposed 

woii estimation of changes in organs as judged by their change in 

Mci+t, the weighing being made of the organs fixed in Bourn’s fixative. The 
method pves very accui-ate results provided the other conditions of the method 
1 “ f?’ accuracy was proved when applying it to the study of the changes 

pioduced by cptration and cryptorchidism in male rats [Korenchevsky, 19301 

olihiB rot PJ’O'iaced by testicular hormone preparations in castrated and crypt- 
oieim rats (Korenchevsky et al., 1932; 1933, 1, 2, 3], 

The data obtamed with adult rats, given in Tables III to VI of the present 

nTt h fig”®" obtained on young rats, given in Tables VIII to 

Nil m the previous paper (Korenchevsky et al., 1933, 1, pp. 570-o72], show that 

to normal rats also gives results of a satisfactory 

same different groups of the 

thp fv + ^ injection was without effect) were small, especially when 

thc^ weights of the organs were calculated for the same unit of body height. 

^ lese variations become smaller, sometimes even insignificant if the mean of 
the average weights of the organs of at least three Htters f tiei7 Sie im 
poitance of this latter consideration has been emphasised in our previous papers. 
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Taking for example the figure for litters 1 to 6 (Table VI of the present paper) it 
can be seen that of the IS figures giving the mean variations of the average 
changes in weight of organs, as compared with that in control rats of 6 litters, 
none exceeds 9*9 % and in 13 cases they are less than 5 % when calculated per 
200 g. of body weight). 

The method may, therefore, be considered to be accurate and reliable also 
with normal animals and might with advantage be applied, not only to the study 
of various physiological and pathological conditions, but also to the assay of 
substances having a specific influence on the weight of one or more organs. 

On the influence on normal male rats of the prej)aratio7i of testicular hormone, 
isolated from urine. 

The strength of the testicular hormone used in the present experiments was 
similar to that of batch I which was injected into young normal rats in the 
previous experiments [Korenchevsky et al., 1933, 1, pp. 568-573, see litters 6, 7 
and 8]. Therefore, although a special assay of batch I was not made, the doses 
described in the previous paper as 0*25 B, 0-5 b and 2 d were probably about 
1-25 B.IT., 2*5 E.u. and 10 u.u. respectively. These doses had a depressing effect 
on the testes of young rats, more particular^, as is shown by the histological 
exaiiiiiiation, on the seminiferous tissue. As judged by changes in the weights of 
the organs, the small doses of 1-25 b.xt. and 2-5 R.u. had also a depressing effect 
on the prostate with seminal vesicles and penis, ivhile the large dose of 10 e.u. 
had a stimulating effect. 

In the present experiments on adult sexually mature rats only the large dose 
of 10 R.u. seemed to have any effect of the kind described above, the weight of 
the testes being slightly decreased in most litters by this dose. Histologically 
there w^as a slightly depressing effect on the Leydig's cells but spermatogenesis 
and the seminiferous tissue seemed normal. 

Therefore, injections started before sexual maturity have a definitely 
depressing effect on the sexual organs, but if started after sexual maturit^r the 
effect, if any, is very slight even wdtli large doses. 

Comparison of the data of the present experiments wdth those of the previous 
experiments [Korenclievsk}^- et al., 1933, 1] shows that the rate of retrogression 
of the thymus was accelerated both in sexually immature and mature rats, 
while the slightly stimulating effect of the testicular hormone on the kidney's W' as 
not so marked in the mature as in the immature animals. 

No definite changes, in either mature or immature animals, were noticed in 
the weights of the other organs. 

Summary. 

1. The changes produced by injections of a purified preparation of testicular 
hormone extracted from urine were studied on 37 normal adult male rats 
belonging to 9 litters. 

2. The physiological variations from the average of the w^eights of the organs 
investigated w^ere small. 

3. Therefore, by comparing the mean of the average changes in the litters 
and. followdng exactly the technique and precautions given in the previous 
papers, the method described could be applied to normal rats for the study of 
physiological or pathological conditions or for the assay of substances wl:iicii 
iiiflueiice the weight of one or more organs. 

4. The effect of injections of the testicular preparation on adult rats wui.s 
small, as judged by changes in the weight of the organs and the histoiogicai 
examination of the testes, differing in this respect from the quite definite effect 

95—2 
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on >so.me of the organs of young rats, since only the large dose of 10 r.ij. seemed 
to have a slightly depressing effect on the weight of the testes and the Leydio-’s 
cells. - to ^ 

5. Acceleration in the rate of retrogression of the thymus was noticed in all 
the rats injected with 1 and 10 R.u. 

6. The increase in the weight of the kidneys was very small, being present in 
most of the groups injected with the large dose. 

A grant from the Medical Research Council and the hospitality of the Lister 
Institute have enabled us to carry out this work and to them our thanks are due. 
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CCVL SIMULTANEOUS ADMINISTRATION OF 
TESTICULAR HORMONE WITH ANTUL 
TRIN AND PROLAN OR WITH 
DESICCATED THYROID. 

By VLADIMIR KORENCHEVSKY, MARJORIE DENNISON 
AND ALICE KOHN-SPEYER. 

Fro7n the Lister Institute, London. 

{Received August 14th, 1933.) 

It is now well known that gonad- stimulating hormones, extracted from the 
anterior lobe of the hypophysis, or from pregnancy urine, do not influence the 
secondary sexual organs of castrated animals, since these hormones produce their 
effects stimulation of the internal secretion of the testes, or possibly by activa- 
tion of testicular hormone. 

We were unable to find any data in the literature about the action of 
thyroid hormone on the sexual organs of castrated animals; and as our own 
investigations on this subject are not yet completed, they will be published later 
elsewhere. They already show, however, that if there is any influence on the 
secondary sexual organs of castrated rats it is only slight. 

The aim of the present experiments is to investigate whether there is any 
relationship between the action of testicular hormone, injected into castrated 
male rats, and that of the thyroid or the anterior lobe of the hypophysis, when 
introduced simultaneously. 'Ey performing these experiments on castrated 
animals the activity of living testicular cells was excluded. Therefore, any 
changes obtained differing from the effect of testicular hormone alone should be 
ascribed to the direct alteration of activity of testicular hormone caused by 
hormones of the anterior lobe of the hypophysis or of the thyroids. 

Since in castrated animals both the latter glands are present, the introduction 
of an additional amount of the hormones of the anterior lobe or of the thyroid 
should result in a condition similar to that caused by hypersecretion of these 
glands. 

Technique. 

It is unnecessary to discuss here whether the gonad- stimulating substances 
extracted from urine are completely identical with the hormones of the anterior 
lobe of the pituitary : in any case their influence on sexual glands is very similar. 
The preparation from urine was chosen in the present experiments, since such 
preparations of good quality are much more easily obtained than those extracted 
from the anterior lobe. We have used ^'antuitrin S,’’ prepared by Messrs Parke, 
Davis and Company, for 2 experiments and a mixture of antuitrin S and ‘ ‘ prolan, 
prepared by Messrs Baj^er Products Ltd., for 3 experiments (see Table I). These 
preparations were introduced subcutaneously. Preliminary experiments on 
young and adult normal male rats have shown that both antuitrin and prolan 
were very active on the sexual organs in the doses used. As the source of thyroid 
hormone, desiccated thyroid gland, prepared by Messrs The British Drug 
Houses Ltd., was given. Each dose of thyroid powder was mixed with about 
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0-5 g. of wheat germ, moistened with water and given to the rats in small pellets 
before food; this mixture was greedily consumed in a few minutes. The amount 
of thyroid fed w^as calculated according to a special unit of body weight The 
daily doses are given in Table I. A testicular hormone preparation', isolated from 
lU’ine, and prepared and assayed on capons by Messrs Scheruig Ltd.i was used 
Different batches of this preparation were used for the various experiments as it 
was only supplied in comparatively small quantities at a time. We have not 
re-assayed the testicular preparations in rat units and in Table I the daily dose 
is stated in capon units as assaj^ed by Messrs Sehering Ltd. Different doses of 
testicular preparation were given to the rats of different litters (see Tables I 
and II). The daily doses of testicular and gonad- stimulating hormones were 

Table I. Daily dose of hormones; age and average weight of the 
castrated rats in each group of each litter. 

Daily dose of fiormones 

. . , No- of Final M’eight of rats 

Age 111 days days after 


No. of 
Jitter 


9 

10 


Testi- 

cular 

C,1J. 

2-5 

2-5 

5-0 

? 

0- O 

1- 2o 

1- 25 

2- 5 
2-5 

9./% 


Aiitui- 
trin S 
R.IJ. 

60 

00 


Anfcui- 
trin S -f- 
prolan 

E.TT. 


T]a5troid 
in mg. 
per g. of 
body 
M'eigiit 


74 

74 

74 


} 1 mg./lOg. 

\l mg, 
j 20 tc 


J-/ 

to lOOg. 


No. of 
rats in 
litter 
5 
5 
5 
4 
0 
8 
4 
3 


castration 
When at begin- 


lieceiYing liomioiie 


At cas- 

injections 

iiing of 

Control 

Testi- 

tration 

started 

injections 

group 

cular 

26 

48 

22 

175 

206 

23 

45 

22 

182 

202 

30 

52 

22 

242 

219 

23 

65 

42 

267 

270 

30 

151 

121 

430 

382 

27 

47 

43 

20 

207 

218 

23 

24 

20 



154 

99 

75 

242 

276 

26 

94 

68 

289 

267 

26 

94 

68 

312 

306 



No. of batch 
A. 12 

76-4 


% increase in weight 


Table II. Average percentage increase for each litter in weight of prostate with 
semmal vesicles m the group of rats injected with different hatches of testicular 
Imrmcme as compared with that of control uninjected rats. 

Daily close 
of c.ij. No. of 
injected litter 

, D2o 6 

I D2o 7 

j 2-5 1 

l2-5 2 

( 2-0 8 

i2-5 
I2-5 

jo-0 
(5-0 

9 


10. 32. 1. 
Not marked 


9 

10 

5 

3 

4 


of prostate + sem. vesicles 
123-0 

No control iminjected rats 
269-5 
204-6 

232-7 

212-0 

211-5 

481-0 

173-3 

532-0 


?>4 r?+?h!u Iwrmone being injected separately. 

-4 lats, belonging to 5 litters, were used for the experiments with antuitrin S or 

uscd^r hormone; and 22 rats, belonging to 5 other litters, were 
used foi the experiment with thyroid and testicular hormone. Each litter except 

Sts in ^ 1= control, untreated rats; Group II, 

saL dosp^f Tk III’ “iected with the 

same dose of testicular hormone as group II and given in addition antuitrin S 

MeZ b! P 'T? T 7, Ltd., Messr. Parke Davis and Company and 

Messn Bayer Products Ltd. for kindly supplying the preparations. 
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or antiiitriii S and prolan, or tli^o'oid (see Table I). Litter 7, consisting of 4 rats, 
was divided into two groups only, iiamety, II and III, wdthont a group of control, 
untreated rats. 

Tlie injections of testicular liormone, antuitrin S and prolan, were all given for 
10 consecutive clays, but tlie tii^n-oid-fed rats were given thyroid doses not only 
during these 10 days of injection but also for 7 days (litters Nos. 6 and 7) or 
9 days (litters Nos. 8, 9 and 10) previousl^^ making the total period of thyroid 
feeding 17 to 19 da^^-s. This was done to make the effect of thyroid administration 
more marked. To save space in Tables II and III only the percentage changes 
are siimiiiarised. 

Table III. Average percentage changes for each litter m iveight of organs {calculated 
per 200 g. of body weight) and in filial weight of rats in the group of rats 
receiving besides testicular hormone other hormones, as compa,red with that of 
the group) of rats receiving testicular hormone alone. 


Retro- Prostate 


No. of 
litter 

perit- 

oneal 

fa-t 

and 

seminal 

vesicles 

Penis Adrenals 

Thy- 

roid 

Hypo- 

physis 

Thymus Liver 

Kidney 

Sx)leeri 

Heart 

Final 
weight 
of rats 

1 

- 2-9 

-1- 9-0 

Testicular iiormone and antuitrin S or antuitrin S with prolan. 

- 1*6 - 1-4 ~ 6-9 -f d-0 -r29-4 - 0*5 S- 0*9 

-rl5*6 

- 5*1 

A 0 

2 

-19*6 

-1-48-3 

A 8*9 

-1- 0*7 

- 3*8 

- 3*2 - 3*9 

■4-12*5 

-922*5 

-4- 8*5 

- 4*0 

3 

-13*5 

+ 40-9 

-i- 6*4 + 9*0 

+ 10*7 

- 2*1 

- 9*2 -18*1 

- 0*9 

8*0 

-1- 5*8 

- 2*7 

4 

- 3-3 

-flO-7 

+ 17*7 + 3*9 

-10*1 

™ 7*4 

-16*3 - 0*7 

~ 2*0 

-f20*7 

- 4*3 

i 0 


Avei'age 

- 9*8 

4-27*2 

4- 8*9 

-!- 5*1 

A 0*1 

- 1*8 

- 0*2 

- 5*8 

- 2*6 

+ 16-7 

+ 1*2 

- 1*7 

' 5 

+ 1*8 

-24*6 

4- 3*3 

- 8*5 

4- 6*8 

-19*0 

- 9*9 

- 7*6 

— 2*3 

-12*1 

-11*9 

+ 1*0 





Testicular liormone and tliyroid pou'der. 





6 

— 17*5 

~ 5*6 

- 0*8 

4-17*0 

-23*5 

r 13*5 

- 9*G 

-4 6*8 

+27*3 

+47*2 

-!-d0*6 

- 5*0 

i 

-57*0 

- 7*1 

-f 3*2 

4-31*8 

-28*8 

-1-10*3 

-1-23*7 

+ 17*1 

+35*5 

4-o4*£) 

+44*9 

- 1-3 

Average 

-37*3 

- 6*4 

-f 1*2 

4-24*4 

-26*2 

4-11-9 

4- 7*1 

+12*0 

+31*4 

+50*9 

4-47*8 

- 3*2 

8 

-22*6 

-- 2*0 

-12*0 

-f 8*9 

-11*7 

4-15*9 

4-34*0 

+ 3*6 

+ 11*2 

+ 3*0 

-!- 7*6 

— 6*5 

9 

- (i*i,) 

-H 3*8 

- 2*8 

-23*9 

-33*7 

— 20*() 

-24*2 

4- 2*5 

+ 4*7 

4 - 12*4 

+ 11*9 

+ 18*0 

10 

-{- 2*8 

4 - 5*1 

— 3*7 

- 2*1 

- 4 - 15*0 

4 “ 14*5 

4 - 28*0 

- 1-9 

+ 2*8 

- 1*4 

+ 7*9 

- 4*9 

Average 

Ng.S 

- 1 - 2-3 

- 6*2 

- 5*7 

-10*1 

4- 1*3 

4 - 12*6 

+ 1*4 

+ 6*2 

" - 1 -' 4*7 

4- 9*1 

4 - 2*2 


SimtiUaneous administration of testicidar hormone with antuitrin S or 
with u mixture of antiiitrin 8 and prolan. 

This experiment was performed on litters 1 to 5 (Table I). The percentage 
increase in weight of the prostate with seminal vesicles in the group of rats 
injected with testicular hormone alone as compared with that of the control 
group of uiiiiijected rats is shown in Table II (see litters 1 to 5). Different doses 
of different batches of this hormone produced an increase in weight of the prostate 
with seminal vesicles of from, 123 to 532 % . As can be seen from Table III, in 
the rats receiving additional injections of antuitrin S or of antuitrin S and prolan, 
the effect of the testicular hormone w^as increased, taking an average of 4 litters 
of young rats, by 27*2 % , but in one litter of adult rats it w^as decreased by 
24*6 % . The percentage increase reached 48-3 and 40-9 respectively, in litters 2 
and 3, in two others it was very small. 

Such slight and variable results indicate that in the absence of gonads the 
gonad- stimulating hormones used in our experiments did not influence the 
activity of the testicular hor.mone in a constant and pronounced way. From 
Table III it is also impossible to find a definite marked effect on the weight of the 
rats, on fat deposition or on the weight of the other organs investigated. 
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Shmdtaneom admmistration of testicular hormone with thyroid powder 

Litters 6 to 10 were used for this experiment (see Tables I, II and III) 
Litters 8 to 10 were given 1 mg. thyi-oid powder per 20 g. of body weight in the 
prehmmary period of thyroid feeding, whilst during the" period of simultaneous 
administration of hormones they were given a much smaller dose of 1 mcy ner 
100 g of body weight. Litters 6 and 7 received a comparatively lar..e"dosP 
nameJy, 1 mg. per 10 g. of body weight during the whole period. We have’ 
therefore, divided these 5 litters into two groups; litters 8-10 and litters 6-?’ 
Only in the latter group receiving large doses were constant definite ohan-es 
observed; as diow in Table III these changes were a decrease in fat deposition 
and 111 the weight of the thyi-oids and an increase in the weight of the adrenals 
. wer, kidneys, spleen and heart. Ail these changes, however, are typical for rats 
fed with thyroid powder only; and from the results obtained it is possible onlv 
to conclude that testicular hormone injections did not counteract the effects of 
thyroid adimmstration The typical effect of testicular hormone on sexual organs 
was not in any way iMuenced hy thyroid feeding (Table III). Smaller doses of 
thyioid only produced a mueh less noticeable thjToid effect and did not alter the 
etteet on the sexual o,rgan8. ’ 

Summary. 

1. The effect of a testicular hormone preparation on the sexual, endocrine 
and other organs investigated of castrated male rats was not altered to a con 
siderable extent by the additional administration of gonad-stimulating hormones 
extiacted from urine or by feeding with desiccated thyroid powder in the doses 

2. Testicular hormone preparation did not prevent the appearance of tbn 

yp.ca^ produced by thyroid feeding, Lmeiv, . deo™I"Tth. S 

deposition and m weight of thyroids and an increase in the weight of adrenals 
liver, kidneys, spleen and heart. ® <mrenais, 

Tn jti Medical Research Council and the hospitality of the Lister 

Institute have enabled us to carry out this work, and to them our thanks are due. 
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The production of inethaiie from a 1-carboii compound was first observed by 
Soiiiigeii in bis classical work on iiietbane formation from, fatty acids [Solingeii, 
1910], calciiiiii formate being ciiiaiititatively decomposed to give metliaiie and 
calcium carbonate. Tlie same culture also e.ffected the reduction of carbon 
dioxide. It is important to notice that Sohngeii worked with mixed cultures 
which produced methane also from the higher fatty acids. More recently 
Fischer et al. [1931] have obtained from mud a culture (not claimed by them to 
be pure) which reduces carbon monoxide to methane, the reaction being 
accelerated by various colloids. These authors suggest that carbon dioxide is an 
intermediate '"product, some evidence being adduced for the occurrence of the 

CO + HgO COa + Ha- 

They also showed [1932] that if the ratio of carbon monoxide to hydrogen ex- 
ceeded one-third, carbon dioxide and methane both resulted, while in higher 
proportions of hydrogen methane alone was produced. 

In the work about to be described we have obtained an organism which we 
believe to be in pure culture. This differs from the mixed cultures of previous 
workers in attacking, so far as we have been able to observe, 1- car bon 

compounds. 

The culture. 

The culture used by us was originally obtained from the -River Ouse, which 
had been recently subjected to an influx of fermentable carbohydrate iiiateiial 
from a beet-sugar factory and had given a visible fermentation with evolution 
of gas ill the river itself. By siibcultiiring on a medium coiitaiiiiiig the usual 
salts [Stephenson, 1930] with 0*5 % formic acid in the forni of the sodium safr as 
the sole source of carbon, and incubating anaerobically, a culture was obtained 
wiiich decomposed formic acid according to equation (1) 

4H.GOOH CH4 + 3CO2 -h 2H2O + 39kg. cals. ......(1). 

The culture was continued on this iiiediiim for upwards of three years, involving 
some hundreds of subcultivatioiis, and there seems to be no doubt that growth 

depends on the decomposition of the formic acid as above and is not due to any 
extraneous source of carbon. After a large number of subcultures on this medium 

^ Beit Memorial Research Fellow. 
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tlie culture appeared morphologically homogeneous, but very numerous 
attempts to get growth on agar plates failed, and the earlier experiments h ore 
described were earned out with no certamty as to whether we were dealino- with 
a pure cultme or with an association of organisms of similar physiofodea 
properties Subsequently we resorted to the single cell techniqnei and bv“tliis 
means obtained a eultine descended from one cell. The experiments were^hen 
repeated with the pedigree culture, the results obtained being identical with 
those from the crude culture. 

As the physiology of the organism is peculiar and not yet fully worked mit 
we propose to incorporate its full description in a subsequent paper and to 
confine ourselves here to the chemical aspect of the subject. ^ ^ 

GultivdtioTi of the ovgetuistn. 

wrr? early experiments we found that very large inoculations (1 cc in 10) 
were necessary to get certain grovdh ; later we showed that if the old medium 
were sterilised by passmg through a Seitz filter and added to the new medium at 
small inoculation served. Finally we found that the Seitz 
rpdii f ' replaced by sulphide (which it always contained owing to the 

leduction of sulphate). Our final procedure was as follows. The medium to he 
inoculated was steilised by autoclaving; immediately before sowing a solution 
of sodium sulphide in similar medium readjusted to 7 and sterilised bv 
filtration was added, the concentration of the sulphide beiAg arranged to o-ive a 
final concentration of 0-035 % Na,S, 9H,0. Immediately after this addition the 

in tS^rnidZ-d'^r*®'^ and the anaerobic conditions established; delay results 
f Ofidation of the sulphide. The culture is able to grow indefinitelv 
thout the addition of sulphide, provided the sowings are large enouo-h This is 

rifde I •: T -Iphate of tfemldSm 

« tet; f ^ f r P- Cysteine and reduced glutathion^ 

cannot take the place of sulphide in promoting the growth of the culture 

of mXm werfS^/ '® bacteria in bulk six boiling-tubes each containing 30 cc. 
wV, 1 r j-T inoculated; when growth was obtained (8 to 14 days) the 

rl, litre ofLdium a 

tion k not vnlidTee V f Pom* experimentally, and found that the objec- 

y ^ pared with that of most organisms grown on broth. 
Apparatus. 

kopf the var'inefbhirb'for 
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I 

Hydrogen. 


iiiediuBi ; tlie quantitative nature of the process was established by the use of 
washed suspensions as follows. 

Into the flask w-ure put 10 cc. of phosphate buffer, 6*4, 10 cc. of 0*25 N 
sodium formate, 10 cc. bacterial suspension (from one litre of medium) and 10 cc. of 
water. The flask was then attached to the mano- 
meter as previously described ; nitrogen passed 
over heated copper was then introduced and the 
process repeated. After filling wdth nitrogen for 
the second time the manometer -was connected 
to the flask by turning the tap T-^ and the 
apparatus placed at 37°. When the manometer 
reading was constant (after l|-"2 hours) the 
initial reading wms taken, together with the 
temperature and pressure. When the reaction 
was complete (4-5 days), i.e. when no further 
change of pressure took place, the final readings 
of manometer, temperature and barometer were 
taken, and a sample of gas was removed through 
tap 'Tg for aiialj^'sis. 

The carbon dioxide remaining bound in the 
solution as bicarbonate was estimated by acidi- 
fying an aliquot part and blowing the carbon dioxide into standard baryta by 
means of a current of air. The complete figures for one experiment are given in 
Table I and the results of three similar experiments in Table II. 



Fk. 1. 


Formic acid decomposed (mg.) 
Volume of gas space of flask (cc.) 
Final temperature 
Final flarometric pressure (mni.) 
Final iiianometer reading (mm.) 
Final composition of gas 

Final CO., in solution 

Volumes of gas formed at x.t.p. (cc.) 


Table I. 

115 
168 
35" 
763-0 
- iOS-0 


H. 0-0 %; CO. 6-35 %; CH^ 8-7 (by 

difference) 84-95 % 

28-2 cc. of 0-0977 V acid 
COo 41-1; CH, 14-1 


Table II. 


1 

2 

3 =^ 


Formic acid 
decomposed 
(millimols) 

2-00 

2-00 

2-50 


CO. formed 
(millimols) 

1-53 

1-47 

1-83 


CH 4 formed 
(millimols) 

0-46 

0-45 

0-63 


Formic acid CO. formed 

(millimols) 

0-51 
0-49 
0-61 


(millimols) 

0-50 

0-50 

0-625 


Indicates experiment witli pure culture. 


Thus a wmshed suspension of the culture decomposes formic acid quantita- 
tively in accordance with equation (1) (p. 1517). (The last ttvo columns in 
Table II are added to show the extent of the agreement more clearly.) 

Exp. 2. The reduction of carbon dioxide by hydrogen to rnetha/ne. We next 
investigated whether the culture responsible for the reaction described in the 
last section could also effect the reduction of carbon dioxide to methane by 
molecular hydrogen, as Soiingen’s did. The same apparatus w^as used and in the 
flask w^ere placed' 10 cc. buffer 10 cc. bacterial suspension and 20 cc. 

water. After connection to the manometer, the flask was evacuated; pure carbon 
dioxide from a Kipp’s apparatus wm^s then let in to a pressure of about 60 mm. 
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(bringing the of the solution to 6-5, the optimum), and this pressure was 
read off accurately on the manometer attached to the pump ; the flask was then 
completely filled with pure hydrogen, and the tap turned to connect it with its 
own manometer. Finalty, the manometer readings, the barometric pressure and 
the room temperature were taken ; from these data the absolute volumes of carbon 
dioxide and hydrogen in the flask could be calculated. The whole apparatus was 
then placed at 37°, and w'hen the uptake of gas had finished (in about 6 days) 
the temperature and manometer and barometer readings were again taken and a 
sample of gas withdrawn for analysis. The complete results of a typical exneri 
ment are given in Table III, and the condensed results of four experiments in 
Tciblc 111' . 

Table III. 


Original pressure of COo (mm.) 
Volume of gas space in flask (cc.) 
Final composition of gas 

Temperature 

Barometric pressure (mm.) 
Manometer reading (mm.) 
Volume of CO 2 at ir.T.p. (cc.) 
Volume of Hg at n.t.f. (cc.) 
Volume of CH 4 at n.t.p. (cc.) 


65-5 

176 

CO 2 0-0 %; H 2 86-7 %; CB:^ 13-5 % 




Hydrogen used 
(millimols) 

2*59 

2-56 

2-So 

4-48 


Initial 

20 ° 
7o7-5 
+ 19-0 
14*2 
150-0 
0-0 

Table IV. 

Carbon dioxide 
used 

(millimols) 

0-64 

0-63 

0- 70 

1 - 00 


Final 

36° 
761-5 
~ 198-5 
0-0 
92-0 
14-3 


Met.liane formed 
(millimols) 

0-64 

0-61 

0-69 

0-97 


Difference 


-14-2 

-58*0 

-1-14-S 


Hydrogen used 
4 

(iiiiliimols) 

0-65 

0-65 

0-71 

M2 


* Indicates experiment with pure eiiiture. 


The theoretical equation is 

CO2 + 4H2 CH4 + 2H2O (2), 

and the results obtained agree with this, so we must conclude that the same 
decomposes formic acid to methane and carbon dioxide is also 
capable of reducing carbon dioxide to methane by means of molecular hj’drogen. 
,f /L ^ remembered that Sohngen carried out the fermentation of a number 

Wittakfnf obtained greater ^uelds of methane 
in i of hydropn. We therefore allowed our culture to decompose formate 

hvch'ogmTse?'''’^’ kvdrogen, and . estimated the methane formed and the 

of formic acid with hydrogen. The same method was 

yS filled H the apparatus 

the f movement of 

arriveJt T« rIV o«f™ated. The results of three experiments 

to eu Table M, with complete details of one of them in Table V 
ihe equation is 

H.COOH + 3H2 -> CH4 + 2H,0 (3) 

WrieriTfn of formic acid into methane 

the carbon of tk f of hydrogen no carbon dioxide is produced, but 

the caibon of the formic acid is completely reduced to methane. 
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Table V. 


Formic acid deconi] 30 secl (mg.) 
Volume of gas space in flask (cc.) 
Final eonipositioii of gas 


Temperature 

Barometric pressure (mm,.) 
Manometer reading (mm.) 
Volume of Ho at n.t.p. (cc.) 
Volume of CH4 at n.t.p. (cc.) 


56-2 

170 


Ha 72-f 

;%;CH4 274% 


Initial 

Final 

Difference 

36° 

36° 


767-0 

743-5 


4 - 36-0 

-227-5 


150-0 

69-0 

-Sl-0 

0-0 

26-0 

+ 26-0 


Table VI. 


Formic acid 
decomposed 
(iiiillimols) 

1*22 

1-25 

Ml 


Hydrogen used 
(millimols) 

3-62 

3-91 

3-36 


Metliane formed 
(millimols) 

M6 

1*22 

1-16 


Hydrogen used 

(millimols) 

1-21 

1-30 

M2 


Indicates experiment with pure culture. 


4. The reduction of carbon monoxide by hydrogen to methane. Tiie usual 
pliospliate buffer and cell suspension were placed in the flask in a total volume of 
40 cc., and the flask was evacuated and filled with a gas mixture coiitamiiig 
about 95 % hydrogen and 5 % carbon monoxide, accurate^ analysed in the 
Haldane apparatus. The gas was freed from oxygen first by heating a coil of 
platinum wire in it and then by bubbling it through alkaline pyi'ogalloi on its 
way to the flask ; the former of these two treatments reduced the ox^^geii content 
below that detectable in tiie Haldane apparatus, viz. 0*02 % . When the 
apparatus was incubated at 37°, the gas volume diminished rather slowly, and 
after several weeks the hydrogen uptake stopped considerably short of the 
theoretical amount. At the end of the experiment the usual readings were taken, 
and a sample of gas was withdrawn for estimation of hydrogen, carbon monoxide 
and methane. 

The distinction between carbon monoxide and methane in this mixture 
depended on the estimation of the oxygen remainin.g after burning the gas, and 
as the total amount of (CO + CH 4 ) was only roughly 6 % of the gas, and the 
analyses had to he done on samples of 0-8 cc., the results were less accurate than 
usual,. These particular gas samples were always analj^^sed in triplicate, and the 
values agreed as well as could be expected. Further, a mixture of carbon 
monoxide and hydrogen, containing no methane, on analysis by this method, 
gave values for inethaiie between + OT % and — 0*5 %. 

Table VII. Analyses of mixture of H 2 and CO, to test accuracy of analyses 
of mixtures of H 2 , GO and CH4. 


(a) By ordinary 
metliod 


(1) 

% 

(2) 

0 / 

/O 



(1) 

O,’ 

/o 

(2) 

0./ 

/'O 

80-9 

80-3 

(h) By special 

H, 

81-3 

80-8 

19*1 

19-4 

method 

CO 

19-2 

20-0 

100-0 

99-7 


CH4 

0-1 

■ 100-6 

-0-5 

100-3 


The results of experiments on the reduction of carbon monoxide are given 

in Tables VIII and IX. The equation representing the reaction is 

CO + 3Ho -> OHj + H^O (4), 
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and the results are sufficiently close to show that this is actually the reaction 
that takes place; the experimental error is greater than in the previous exneri 

Table VIII. 


Volume of gas space in flask (cc.) 170 

Initial composition of gas 91- 

Final composition of gas 90- 

Initial 

Temperature 30 ® 

Barometric pressure (mm.) 755*0 

Manometer reading (mm.) + 82*0 

Volume of Hg at n.t.p. (cc.) 143*5 

Volume of CO at n.t.p. (cc.) II.4 

Volume of CH^ at n.t.p. (cc.) 0*0 

Table IX. 


6%; CO 7-3%; CHjO-O" 
8%; CO 3-6%; CH4 4-10- 

Final 


37 ^ 
751*0 
■ 15*0 
123*2 
4*9 
5*6 


Difference 


-20*3 
- 6*5 
+ 5*6 


1 


H 2 used 
3 

(millimols) 

0*30 

0*20 


Hj'di-ogen used CO reduced CH, produced 
(millimols) (millimols) (millimols) 

0-91 0-29 0-25 

0-61 0-18 0-17o 

* Indicates experiment with pure culture. 

Exp. 0 . The redtiction of formaldehyde by hydrogen. Formaldehyde is far too 
toxic for use in our apparatus, as the smallest amount the reduction of which 
could be nmasured would be sufficient to kUl the bacteria and destroy their 
enzjemes ihe only possibility was to use some very slightly dissociated com- 
pound of formaldehyde, such as hexamethylenetetramine, and this was done 
lU ce. of 0-63 /o hexamethylenetetramine were placed in the flask with the 
usual buffer and bacterial suspension in a total volume of 40 cc. and the 
ajiparatus was filled with hydrogen and incubated at 37°. Hvdroo-en untake 
continued for two to three weeks, when the gas was analysed aiul thelLaiffing 
hexamethylenetetramine estimated. This was done by converting the hexa- 
Xw£T formaldehyde by treatment with dilute sutphuric add, 

i aldelp’de to react with sodium bisulphite (in excess) and titrating 

the l>ound sulphite with standard iodine in the usual wav. The method is 
unsatisfactory, owing to the fact that the reaction of hexamethylenetetramine 

ffimethyKinfm'^* produces, besides formaldehyde and ammonia, methylamine, 
dmiethylamme aiid other products; too low results in the initial and final 

f" 

The results (Tables X and XI) are sufficient to show that the reaction 

, ,, H-CHO -f 2 H 2 -- CH, + H.,0 

does really occur. 

Table X. 


.( 5 ) 


Formaldehyde disappeared (ms.) 
Volume of gas space in flask (cc.) 
Final composition of gas 

Temperature 

Barometric pressure (mm.) 
Manometer reading (mm.) 

Volume of at n.t.p. (oc.) 
Volume of CH 4 at n.t.p. (cc.) 


40 

162 


H. 70*1 % 

; CH, 29*8 % 


Initial 

Final 

Difference 

35° 

37° 


764*0 

769*0 


+ 81*0 

- 146*0 


151*4 

73*5 

-75*9 

0*0 

32*1 

'■r32*l 
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Table XI. 

Formakleliyde IL used 

reduced Hydrogen used Methane formed 2 

(millimols) (millimols) (millimols) (millimols) 

1-34 3*39 1-43 1-69 

0*215 0*46 0-20 0*23 

Indicates experiment \\itli pure culture. 


Ex-p. 6. The reduction of methyl alcohol to methane by hydrogen. This was 
carried out in the usual way except that special precautions were taken to avoid 
loss of methyl alcohol vapour during the evacuation of the flask. 10 cc. of 
bufter at 6-3, 7 cc. of water and 20 cc. of bacterial suspension were placed in 
the flask, which was then twice evacuated and filled with hydrogen, leaving at 
the end a diminished pressure of about 20 nun. of merciir^u 'l cc. of the methyl 
a.],coliol solution was then added through the tap, care being taken that no air 
was admitted, and washed down twice with 1 cc. of water, and the flask was 
then completely filled with hydrogen and the wiiole apparatus incubated at 37°. 
Theoretically, if the reaction taking place is 

CHgOH + Hg - CH4 -f RfO (6), 

no change of pressure should occur. The results are given in Tables XII and 
XIII; in Exps. 1 and 2 excess of methyl alcohol wms present, and the amount 
left was not estimated, but the agreement between hydrogen used and methane 
formed is good, and in Exp. 3 the methyl alcohol was completely accounted for as 
methane. 

Table XIL 

Volume of gas space in flask (cc,) 

Final composition of gas 

Temperature 

Barometric pressure (mm.) 

Manometer reading (mm.) 

Volume of H 2 at x.T.r. (cc.) 

Volume of CH 4 , at x.t.p. (cc.) 

Table XIII. 

IMetliyl alcohol 

reduced Hydrogen used Methane formed 
(millimols) (millimols) (millimols) 

1 — 0-65 0-64 

2 — 0*30 0-29 

3* 0-62 0-54 0-59 

* Indicates experiment with pure culture. 

Exp. 7. The reduction of sulphate to sulphide by hydrogen. This experiment 
wns carried out in the same wmy as those previously described [Stephenson and 
Stickland, 1931, 2]. The results show that the methane -forming culture can also 

C..17 out the reaction ^ ^ 

The experimental results are summarised in Table XIV, 


180 

H. 91*2 %; 

CH 4 S *6 % 


Initial 

Final 

Difterence 

34° 

36° 


753*0 

761*0 


-f 74*0 

4 * 73*0 


165*5 

151*0 

-14*5 

0*0 

14*2 

4-14*2 


NaoSO,! reduced 
(millimols) 

0*42 


Table XIV. 


Hydrogen used 
(millimols) 

1*60 


used 

(millimols) 

0*40 


Hydrogen, sulphide 
formed 
(millimols) 

0-35 
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Exp. 8. CcnUrol. The bacteria from a litre of medium together with the mud 
of the medium on which they had grown were placed m the manometer apparatus 
as usual, but without the addition of any carbon compound. After incubation 
with hj’drogen for fourteen days no methane was found in the gas, showdn^that 
the results of the quantitative experiments are not invalidated by the presence 
of mud. This result received confirmation in experiments in which various 
2-carbon compounds were added and in which no methane was formed. 

Experiments on reaction velocity. 

Of the six reactions described in which carbon compounds are converted into 
methane, the three involving carbon dioxide and formic acid proceed easily and 
rapidly and are completed in our manometer apparatus in a few days The 
reductions of carbon monoxide, formaldehyde and methyl alcohol, on the other 
hand, are relatively very slow and are usually incomplete in twenty-one days 
even with low initial concentrations. This difference of velocity has been con’ 
&med by experiments in Barcroft apparatus, in which a thick suspension of 
bacteria (pure culture) was allowed to act on carbon dioxide formic acid 
hexamethylenetetramine and methyl alcohol in an atmosphere’ of hydroo-en’ 
ihe substrate concentration w'as in each case N/SO, and the p„ 6-5; for caibon 
dioxide the was adjusted by using a mixture of 50 % hydrogen and 50 
carbon dioxide in equilibrium with A730 sodium bicarbonate The results 
showed that formic acid and carbon dioxide are reduced at roughly the same 
rate, while hexamethj-lenetetramine is reduced at a rate too slow for nieasure- 
ment m the conditions of such experiments. Values for the rate of reaction in 
terms of the dry weight of bacteria present cannot be given, as the suspension of 
bacteria is always mixed with a small amount of mud which makes estimations 
01 dry weight or nitrogen content useless. 

In these experiments the reaction curve starts immediately in a straight line 

idea t slow-growing organism— precludes the 

dea that cell multiplication is interfering appreciably^ with the results. 

Experiments on the course of the reactions. 

-f mu Of methane from these compounds 

must now be considered. The decomposition of formic acid into h^4rooen 
and carbon dioxide (H.COOH -> -f CO^) is a common property of mmiv 
organisms and has recently been shown to be due to a particular enzyme (formic 

wbn- ^ Stickland, 1932]. An organism possess- 

n^ this enzyme together with hydrogenase (activating molecular hydrogen) 
Stephenson and STickland, 1931, 1] and at the same time capable of reducini 
Suhe bring about reaction (1) (p. 1517) in a^stepwise manner^ 

ffen decomposition of formic acid into carbon dioxide and hydro- 

fn iSm ? ^ reduction of carbon dioxide by hydrogen as in reaction (2) 

Sethvlene Mnl hydrogenase, as is shown by the reduction of 

methylene blue by hydrogen with a suspension of washed cells: 


Reduction time 
(min.) 

>60 
6 


1 eo. 1/5000 methylene blue, 6-3, in vacuo 
1 ce. 1/5000 methylene blue, p^ 6-3, in hydrogen 

^series ^hTst't^K^ ohtamed evidence for the presence of formic hydrogeiilyase ; 
iSeries of test-tubes eontaimng Durham tubes and formic inorganic medium was 
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™ usual way and gas withdrawn from the Durham tubes for analysis at 
™ 1 *^® growth of the culture. It is seen from the figures in 
.. X ®/r, ' hydrogen as well as methane was present, but 

that it the reaction was allowed to continue methane alone w^as the final product. 

Table XV. 


Amount of gas 
(mm.) 


Composition of gas 


The extent of growth of the culture -was measured by the 
length of the column of gas in the Durham tube, iiiven in 
the Table in mm. 

liie same^ conclusion was readied from experiments carried out in .Earcroft 
manometers. A thick cell suspension was shaken in this apparatus with Jf dO 
formate m buffer at p-^ 6-5 in an atmosphere .of nitrogen; the results showed a 
briet rap,id evolution of gas followed hj a slower prolonged evolution. When the 
gas in the cups ivas analysed at the end of the first period it was found to contain 
(besides nitrogen) mainly hydrogen and carbon dioxide with a little methane: 
after further reaction had taken place the analysis showed decreased hydroc>-eii 
and carbon dioxide and increased methane. 

Analysis of gas in Barcroft cups. 

Total 

evolution 

mm.3 H2% 00^% CH4% 

After 1 hour 448 0-9 M 0-1 ' 

After 26 hours 1666 0*6 0-3 3*9 

This suggests that for,mic acid undergoes a preliminary decomposition to 
carbon dioxide and hydrogen, and methane is then s^mthesised by reaction (2) 
(p. 1520). This would involve, not a direct reduction of formic acid, but a reduc- 
tion by excess hydrogen of the carbon dioxide produced in the first reaction. It 
iiiust be admitted, however, that we are offering here a plausible hypothesis and 
no proof. 

In respect of reactions (4), (5) and (6) (pp. 1521, 1522 and 1523 respectively) 
we are in the dark. Possibly a preliminary reduction of all three initial com- 
pounds to formic acid and a decomposition of this first to carbon dioxide and 

hydrogen and thence to methane is as plausible as shiij. It should be noted that 
leceiit workers [Fischer et ah, 1932], have suggested that in the case of carbon 
monoxide a decomposition of water takes place thus 

CO + H 2 O — > CO 2 H 2 . 

Their evidence rests on the appearance of 13*4 cc. of hydrogen in a bacterial 
decomposition of 1100 cc. of carbon monoxide in the presence of mud, giving 
323 cc. of methane and 724 cc. of carbon dioxide. Without a control experiment 
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ill nitrogen no evidence exists to decide whether carbon monoxide is transformed 
to methane via this reaction 

CO + H^O -> CO 2 + H, 
or by hydration to formic acid 

CO + H 2 O ->H.COOH. 

As an alternative it is possible that formic acid is a stage in the reduction of 
carbon dioxide to methane by a stepwise process thus : 


OH 

OH—C— OH (COo) 

I 


H 


OH 


OH—C—OH (H.COOHorCO) 
OH 

H H 


OH— C— H 

I 

OH 


(H.CHO) 


H— C— H 
OH 


(CH3OH) 


H 

H— C— H 
I 

H 


On this view formic hydrogenlyase would be competing with the enzyme con- 
cerned in the reduction of formic acid, and the hydrogen produced by its action 
ill the initial stages would be finally used up again in the reduction. 

The reduction of other carbon compounds. 

We have shown that five simple 1 -carbon compounds are reduced by our 
organism to methane. On the other hand the following compounds were not 
attacked : acetic, propionic, butyric and capr 3 dic acids (which were all decom- 
posed to methane and carbon dioxide by Sohngen’s mixed culture), ethyl 
alcohol, acetaldehyde and glucose. These compounds were tested in conditions 
where they formed the sole source of carbon for the organism, and also in broth 
cultures; in the former case no growth occurred, and in the latter the bacteria 
grew on the broth but failed to produce any methane from the added compound. 
Ill addition acetic acid, acetaldehyde and ethyl alcohol were tested in the 
manometer apparatus, with washed suspensions, with negative results. As far 
as we have tested, therefore, only compounds with one carbon atom are reduced 
by our culture. 

Summa:ry. 

1 . An organism has been isolated by the single cell technique which is able 
to live anaerobically on an inorganic medium with formate as sole source of 
carbon. 

2. The formic acid is decomposed as follows: 

4H.COOH = CH 4 + 3 CO 2 + 2 H 2 O + 39 kg. cals. 

This reaction has been shown to occur in two stages, viz. 

( 1 ) H.C00H = H,+ C02, 

(2) 4 H 2 + CO 2 = CH, + 2H,0, 

and is therefor© the work of two enzymes, formic hydrogenlyase {!) and hydro- 
genase ( 2 ) with an additional mechanism for the activation of carbon dioxide as 

a hydrogen acceptor. 

3. Hie organism (tested in washed suspensions) reduces the following 
1 - carbon compounds to methane by means of molecular hydrogen [i.e. hydro- 
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genase reactions) : carbon dioxide, formic acid, carbon monoxide, formaldehyde 

(as liexaiiietli^deiietetraiiiine) and methyl alcohol. 

4. No compounds so far tested containing more than one carbon atom are 
reduced by this organism with production of methane. 
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IIL FURTHER EXPERIMENTS ON THE FORMATION 
OF FORMIC HYDROGENLYASE , BY BACT. COLL 

By MARJORY STEPHENSON and LEONARD HUBERT STICKLANDi. 

From the Biochemical Laboratory^ Cambridge, 

(Received August 28th ^ 1933.) 

In a recent paper [Stephenson and Sticldand, 1932] we showed that a culture of 
Bad. coli grown in Roiix bottles on tryptic broth was devoid of the enzyme formic 
h3.Ylrogeiilyase, while a culture grown in similar circumstances with addition of 
formate to the medium possessed this enzyme. Yiidkin [1932] pointed out that 
there are twm possible explanations of this phenomenon. (1) The difference 
iiiight be due to a process of ‘hiatural selection/’ or (2) it might be due to a direct 
chemical action of the formate and broth, stimulating the formation of a new 
enzyme in the cells. He decided against the former theor}^, his evidence beino' 
(1) the probable uselessness to Bact. coli of being able to decompose formic acid 
anaerobically, and (2) the fact that when a culture (in this case oi Bact. freundii) 
grown for many generations on broth containing formic acid was resown on to 
plain broth, it completely lost its formic hydrogenlyase during sixteen hours’ 
growth (about ten generations). We propose now to offer some further evidence 
on this point. 

For “natural selection” to operate, the formate must have either a beneficial 
or a harmful effect on the bacteria ; in the former case those cells able to profit by 
the decomposition of formic acid, and in the latter those able to rid themselves of 
it by decomposition, wnuld have an advantage. In either case, the addition of 
formate to a young, rapidty growing culture of Bact. coli would be expected to 
have some effect on the subsequent growth rate, and this point was tested 
experimentally. 

Twd one-litre flasks containing 500 cc. of tryptic broth were sterilised and 
bi ought to 3 i incubation overnight. Each flask was then sown with one drop 
of a young broth culture of Bact. coli^ and a sample of each taken for counting. 
At intervals of 1, 2, 2|, 3, 3-|- and 4 hours further samples were withdrawn for 
counting, to estabhsh the giwth rate, and at 4 hours 10 cc. of sterile 25 % 
foiinic acid as sodium salt were added to one flask (giving a concentration of 
0^5 /q) and 10 cc. of sterile w'^ater to the other, both solutions having been pre- 
viously warmed to 37 h After the additions samples were again taken at intervals 
i'j U IJ? 2, 2-1 and 3i hours; the counting was carried out b^" 
Vvilson s viable count method [1922]. The results, shown graphicall}?' in Fig. 1, 
show that the addition of sodium formate had no effect on the growth rate of the 
culture, so we must conclude that the mode of action of the formate is not 
natural selection.” 


* Beit Memorial Research Fellow. 
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Time (hours) 

Fig. 1. □ Exp. (formate added); 0 Control (water added). 

Growth and enzyme formMion, 

Our iie)xt step was to determine liow many generations and liow miicli time 
were required for the appearance of the enzyme after addition of the formate. 
This could not be done while growth was stillhi the logarithmic phase, as at that 
stage? the concentration of bacteria was insufficient for enzyme determinations ; 
the youngest culture from which sufficient bacteria for testing could be obtained 
by centrifuging 'was ten houi's old, and a culture of this age was conseq uently used. 

A four-litre flask containing three litres of medium, fitted with a rubber 
stopper carrying a wide glass inlet tube and a siphon, was sterilised and sown 
with two drops of an eight-hour old culture of Bact. coli. Ten hours later, when 
growth was just visible, a sample of 500 ec. was siphoned off into sterile centri- 
fiige-tiibes, and 50 cc. of sterile 12*5 % formic acid (as sodium salt) were added 
to the remaining culture through the wide tube in the stopper, giving a final 
concentration of O-o % formic acid. Further samples of 500 cc. were run off into 
sterile^centrifiige-tubes at intervals of 1, 2, 3 and 4 hours after the addition of the 
foiinat'e. Fach sample as it was obtained was treated as follows. The cups were 
cooled^to roughly 10° by immersion in ice, and a small sample (about 1 cc.) was 
taken into a sterile dry tube and diluted immediate^ for viable counting. The 
remainder was centrifuged and washed once with sterile Ringer’s solution. The 
washed suspensions thus obtained were tested for formic hydrogeiilyase (as 
described by Stephenson and Stickland [1932], and with the ^help" of nitrogen 
estimations on the bacteria values for were calculated. The results of one 
experiment are given’ in Table ^ 

It will be seen that the formic hydrogenlyasehad appeared in less than one hour 
after the addition of the formate, while the viable count had increased by only 
18 % , and the had reached its maximum after two hours with an increase of 
only 34 % in the viable count. It appears, therefore, that the enzyme formation 


The second alternative, viz., a direct chemical action of the formate and 
broth on the cells, was therefore provisionally accepted, and we proceeded to try 
to find further experimental support of this view. 
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Table I. 

Time after addition Viable count 

of formate (hours) (lO'perec.) n 

0 5.0 ^’*=2 

1 Vq ® 

2 fi 7 4o0 

3 8-0 

4 77 

^ ^ 650 

reaclies its niaximmn during considpr^KlT- ir.cc, 

fact makes it impossible for tlie plienoniLon to lie wliieli 

It might be ofccted that ^dabl^countTht n of “natural selection.” 

a true indication 'of the amount of cell division takLl nfn 

division miglit be balanced bjr a bmh death rate Tlii« nK ^ 

.»ing „eti,od of total oU4 ;?"r™rrtair r 

numbers with an error of 5 % This method of otf increase of cell 

quent experiments, and at the ^me tt o n in all subse- 

Mowing th, oota-taof .hopr„'d„ro4f"1.e or4' 

The course of the production of formic hydrogenlyase 

in tae ..f...nd onp 

Tryptic broth (three times normal streno-th) ® 7-o i ^ 

Sodium formate 1-0 Jf <= i; jPh ' t) ... 1-0 cc. 

Phosphate buffer 0-2 N, 7-n " ’ ' ’ ‘ ‘ ‘ ‘ 0-3 cc. 

Water ^ “* *•• ••• 0*5 ec. 

0-2 cc. 



Time (hours) 
Tig. 2. 
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1 cc. of a suitably diluted bacterial suspension was then added and the apparatus 
filled with, nitrogen as usual and placed in the bath at 40°. 

Ill .Fig. 2 the result of a typical experiment is given, the volume of liA^drogeii 
evolved being plotted against time in the usual way, while in Fig. 3 the same 
experiment is plotted with velocities of h^xirogen evolution as ordinates. 



Fig. 3. 


Table II. 



Duration 

Total count 10®/cc. 



Qho 


of exp. 



Increase 




, 




No. 

(hours) 

Initial 

Final 

(%) 

Initial 

Final 

I 

24 

M4 

M9 

0 

0 

3950 

2 

2“ 

5-4 

4-9 

0 

0 

3900 

3 

34 

1-17 

M2 

0 

0 

3500 

4 

14 

2-6 

2-6 

0 

0 

2160 

5 

34 

1-6 

1-5 

0 

0 

1900 

6 

54 

1*5 

1-5 

0 

0 

1670 

7 

44 

2-1 

2-1 

0 

0 

1600 

8 

3“ 

4-3 

445 

0 

0 

1400 

9 

3 

2 u 3 

2-5 

0 

0 

1400 

10 

3 

5*4 

5-2 

0 

0 

1200 

11 

‘yx 

2-6 

2-5 

0 

0 

1120 

12 

i| 

7-6 

7*9 

0 

0 

870 

13 

3 

7-6 

7-6 

0 

0 

770 

14 

3 

9-3 

9-2 

0 

0 

760 

15 

2 

1*7 

1-7 

0 

0 

750 

16 

24 

3-2 

3-2 

0 

0 

720 

17 

i" 

M4 

1*24 

9 

0 

4850 

18 

3 

3-2 

3-6 

12 

0 

900 

19 

3 

M4 

1*39 

20 

0 

3600 

20 

44 

2-3 

345 

40 

0 

1200 

21 

3“ 

3-2 

4*8 

50 

0 

560 

22 

34 

1-7 

3-0 

95 

0 

1240 

23 

4“ 

1*7 

4-0 

120 

0 

1210 


•4 


It will be observed that, as would be expected, the initial veloc,ity is zero, 
and after a latent period the velocity begins to increase. The rate of increase of 
velocity becomes linear and remains so until the maximum is reached; this may 
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be interpreted as showing that the synthesis of formic hydrogenlyase is a linear 

reaction. _ ^ i i 

In a large number of such experiments a total count was carried out, both on 

the initial suspension of Bad. coli and on the contents of the Barcroft cup after 
the niaxiiiiuin velocity had been reached; the results aie given in Table II. 
It will be seen that in the majority of the experiments no growth [i.e., less than 
5 % increase in total count) took place, while the value of increased from 0 
to 720-3950, and in the remaining cases (7 out of 23) slight growth (never more 
than 120 % increase) was found with a similar increase in 

Discussion. 

The experiments on the growth rate of Bad. coli after addition of formate to 
a j'Oiing culture, and on the appearance of formic hydrogenlyase after such an 
aciditioii, are sufficient to show that ^‘natural selection” plays no part in the 
fomiation of the enzyme. From the experiments in the Barcroft apparatus just 
described further coiicliisions can be drawn. In presence of formate alone no 
formic liydrogentyase is developed, but in presence of formate and ti\yptic 'broth, 
after a latent period, the appearance of formic hydrogenlyase proceeds pro- 
portionally to the time, wdiile no cell division is taking place. It seems reasonable 
to deduce from this that enzyme formation is simply a chemical reaction between 
the medium and the cells. Further work is being carried out to try to elucidate 
the nature of the reaction. 

Summary. 

1. This work .aims at deciding whether the enzyme formic hydrogenlyase 
appears in Bact. coli by a process of ‘Tiatiiral selection” or in some other way. 

2. Addition of sodium formate to a young culture of Bact. coli lias no effect 
on the subsequent growth rate. 

3. The enzyme can be produced by the bacteria while no cell division is 
taking place, and this production proceeds linearly. 

4. The deductions made are that (1) the operation of '^natural selection” is 
iiiipossihle, and (2) the formation of formic hydrogenlyase is probably a chemical 
reaction between the medium and the cells. 
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CCIX NOTE ON THE INCIDENCE OF 
DERMATITIS AMONG RATS DEPRIVED 
OF VITAMIN B,. 

By MARGARET HOHORx^ ROSCOEi. 

From the Division of Nutrition, Lister Institute, London. 

(Received August 31st, 1933.) 

The most consistent sign of a deficiency of vitamin in rats is failure of growth, 
but in addition to this an inflammatory dermatitis, considered by some to be 
analogous to hnniaii pellagra, m&y develop. This dermatitis, however, is irregular 
in occurrence; some authors have not observed it in any of their aniiiials, others 
in only a proportion. V arious reasons have been put forward to account for this 
irregularity. It has been suggested that m order to obtain symptoms constantly 
absolute deprivation of vitamin Bg must be ensured [Chick and Roscoe, 1928], or, 
alternatively, that small amounts of vitamin Bg niust be supplied [Sherman and 
Sandels, 1931] ; also that a seasonal variation in incidence of sjmiptoms occurs 
[Leader, 1930]. Einally the theory has been advanced that the dermatitis is due 
to lack of some dietary factor, other than that promoting growth, the distribution 
of which is not as yet understood [Chick and Roscoe, 1928; Sure and Smith, 
1930-31]. Kuhn et al. [1933] have in fact, stated that vitamin B 2 can be separated 
into two factors one of which is a skin factor (vitamin H). 

In this paper data are given concerning the incidence of dermatitis among the 
vitamin BQ-deficient animals observed in this laboratory during the past seven 
years. In addition, results of experiments are reported, in wdiicli attempts were 
made by variations of the diet to influence the development of dermatitis. 


ExPERIMENTx\L. 

Young rats, shortK after w'eaning, and weighing 30-40 g., were started on the 
deficient diet. This consisted of caseinogen 20 parts, rice starch 60, salt mixture^ 
5 and hardened cottonseed oil 15, mixed with an equal weight of water and 
steamed for 3-5 hours. Cod-liver oil w^as given separately each day. Vitamins 
and B 4 w^ere given as a daily dose of a concentrate from ^mast, prepared 
according to the method described by Kinnersley et al. [1933]. The presence of 
vitamin. B^ in this concentrate was assumed, as extraction of the c,liarcoal w^as 
carried out with acid alcohol, in which process both vitamins B^ and B 4 are stated 
to be eluted [Reader, 1929]. 

The type of dermatitis observed in this laboratory in rats deprived of 
vitamin Bg has been described by Cliick and Roscoe [1927] and is essentially 
the same as that originally described by Goldberger and Lillie [1926], with the 
exception that, whereas the lesions observed by them were stated to be bilaterally 
symmetrical, that has not always been the case vfith those observed here. Some 
authors report that the only lesions they obtain as a result of deprivation of 
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vitamin Bg are a scurfy condition with loss of hair. The latter condition is 
freqiientty observed among our vitamin Bg-deficient animals but for the purpose 
of the present stud}- has not been counted as dermatitis. 

In working out the proportion of rats developing dermatitis, only those that 
survived for more than 10 weeks without symptoms have been counted as 
negatives. 

(1) Nmnber of rats developing dermatitis. During the past seven years 108 out 

of the 191 rats on the vitamin Bg-deficient diets have developed dermatitis an 
incidence of 57 %. The figures for each of the seven years were: 14/21 
23/30, 6/20, 9/21, 16/24 and 24/49. / . /- , 

( 2 ) Tims taken for dermaiitis to develop. The average time during which the 
rats received the deficient diet before symptoms developed was 10 wrecks; in 
32 % of the 108 cases the dermatitis occurred after 9-11 weeks of depletion. 

(3) Seasonal variation in the occmrence of symptoms. The development of 
dermatitis in the above 108 rats has shown no significant relation to the 
time of year. Thus 55 % of the rats born in the quarter Januaiy-Marcli 
developed dermatitis, 45 % of those born in April-June, 61 % of those born in 
Jiily-September and 62 % of those born in October-Deceiiiber. Nor was the 
period of development of symptoms longer at any one time of year; during the 
same quarters the average time was 10, 9, 11 and 10 w-eeks respectively."^ The 
experiments were evenly distributed over these periods. 

(4) ytryigJit mcrease of vitamin B^-deficmit rats. Considerable variations in 

weight increase occurred among the animals receiving the same vitamin 
B 2 -deficient diet. The degree of growth, however, did not ap| 3 ear to bear any 
relation to the occurrence of dermatitis. Thus the average growth during the 
first five weeks on the deficient diet wms 17 g. for the animals wdiich developed 
dermatitis, 16 g. for those which did not. Nor was a greater weight increase 
associated^ with delay in occurrence of sj^mptoms. Rats developing dermatitis 
after 0-5, 5-10 or 10-15 weeks of depletion had increased in w'-eight by an average 
of 23, 18 and 15 g. respectively in the first 5 weeks of the observation. This would 
seem to indicate that those which grew best were most liable to succumb, but the 
variations in growth were so great (- 3 g. to + 37 g. in 5 weeks) that the above 
diffeiences in a\mrages were not significant. After the animals had developed 
deiniatitis, growth ceased, as was to be expected since they w^ere then definitely 
sick. " ■ 

(5) The influence of diet. At first it was thought necessary to use a highly 
purified caseinogen in the diet in order to induce dermatitis [Chick and Roscoe, 
1928]. Later, as the result of papers by Coward, Key and Morgan [1929] and 
Coward, Key, Morgan and Cambden [1929] showing that unpurified caseinogen 
did iiot contain appreciable amounts of either vitamin or B^, diets were 
tested which contained the same (b.d.h. ^Tight white casein’’) before purifica- 
tion. Substitution of this less pure material for the purified product did not 
cause any increase in the growth of rats receiving small amounts of either 
vitamm B^ or Bg, nor was it found to influence the incidence of neuritis in 
vitamin Bi-deficient rats or of dermatitis in vitamin Ba-deficient rats. 

using three different kinds of caseinogen were as follows. 
/c ,4 O ' \ i caseinogen {physiological caseinogen, AB). 13 out of 22 rats 

r after an average depletion period of 8 w^eeks. 

(ii) Lister Institute purified caseinogen. 61 out of 107 rats (57 %), developed 
dermatitis after an average depletion period of 11 weeks. 

(m) " Light white casein^' unpurifled. 36 out of 54 rats (67 %), developed 
dermatitis after an average depletion period of 9 weeks. 
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There was thus no significant difference between the effects of diets con- 
taining these different caseinogens upon the incidence of dermatitis. The increase 
ill weight during the period of vitamin Bg deprivation was, hower^er, greater when 
the ciiet of the rats contained the unpurified caseinogen, the average being 20 g. 
ill the first 5 iveeks as against 8*5 g. on diets containing the '‘^Lister Institute 
purified ” caseinogen. This might be taken as an indication that, when iinpiirified, 
this caseinogen contained traces of vitamin B 2 . 

In this connection it may be noted that various authors have found that 
dermatitis occurred when the rats received some vitamin Bo and not. when 
complete deprivation was ensured. Sherman and Sandels [1931] obtained 
dermatitis in rats receiving veiy small doses of vitamin B 2 , but Leader [1930] 
and Sure and Smith [1930-31] administered large doses of ma:nn.ite extract 
or autoclaved yeast (10 % in diet) and obtained sympto.ms of dermatitis 
at the same time as good growth. These results are dfficiilt to reconcile 
with those obtained here, where dermatitis has never developed in rats re- 
ceiving doses of vitamin Bg, however small, and autoclaved yeast in as small 
cfiiantities as 0*2 g. daily has been found to cure the sjnnptoms [Chick and 
Roscoe, 1927]. 

In the present experiments, the use of unpiirified caseinogen which may have 
contained small amounts of vitamin B 2 was not found to increase the incidence 
of dermatitis. 

In addition to the above the following diets were tried, but no influence on 
the incidence of dermatitis was detected. 

(a) A diet containing 17 % sucrose, with or without supplements of an 
alcoholic extract of marmite, containing small amounts of vitamins and Bg 
[Leader, 1930]. 

(b) A diet containing traces only of fat. Evans and Lepkovsky [1929] found 
that dermatitis occurred more often in rats on a low fat diet. 

(6) Influence of initial reserve stores of vitamin j^ossessed by the rat. In 
observations of the incidence of dermatitis among members of the same litter, 
great variation has been found ; frequently half of the litter siiceumbed and half 
did not. Thus it does not appear that some mothers pass on stores of the 
vitamin to their young while others fail to do so. 


Discussion. 

The present attempt to discover the factors influencing the incidence of 
dermatitis in vitamin B 2 “deficieiit rats must be regarded as entirety unsuccessful. 
Purification of the protein of the diet, to remove all traces of vitamin Bg , was not 
found to increase the incidence of symptoms, nor w^as the presence of small 
amounts of vitamin Bg in the diet. No seasonal variation in iiieidence was 
observed, and no support was obtained for the theory that the irregularity 
observed was connected with a hitherto unrecognised and uncontrolled dietary 
factor, differing from that responsible for growth. Further evidence on this last 
question is given in the following paper [Roscoe, 1933]. 

SUMMABY. 

1. Dermatitis has occurred in 108 out of the 191 rats fed on vitamin 'Bg- 
cleficient diets in this laboratory during the past seven years. The average time 
taken for sjnnptoms to develop was 10 weeks. 
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{Received August 31st, 1933.) 

It lias been suggested that the promotion of growth and the prevention or cure 
of dermatitis are due not to one but to two separate dietary factors, contained in 
the component of the vitamin B complex known as vitamin Bo rKuhn et al 
1933]. 

A^dcroyd and Roseoe [ 1929 ] ; Chick and Copping [ 1930 ] ; Chick, Copping and 
Roscoe [ 1930 ]; Roscoe [ 1930 ; 1931 ] sho\ved, however, that all the natural food- 
stuffs tested which promoted growdh when given as source of vitamin Bo also 
cured dermatitis.^ Halliday [ 1932 ], on the other hand, in attempts to assay the 
curatRe power for dermatitis of various heated preparations of protein-free 
milk, ill some cases obtained growdh without amelioration of symptoms. This, 
hoivever, ivas attributed to the severity of the dermatitis, and no evidence was 
obtained from her work or that of the other authors enumerated above that the 
growth-promoting and dermatitis- curing effects w^ere due to different factors. 

In the present paper results are given of experiments in wdiich an attempt has 
been made to determine the minimum amounts of various materials wdiich wdli 
respectively cure dermatitis and promote a given weight increase. It wms 
thought that such a comparison might show a differing distribution of the tw'O 
factors, if two such exist. 

Experimental. 

The rats received the diet and vitamin supplements described in the previous 
paper [Roscoe, 1933, 1]. 

For the purpose of the curative tests the severity of the dermatitis wms 
graded into three groups as follow^s. 

(1) Slight infiummation of paws or nose. Inflammation of the ears or eyelids 
of a not severe form occurred often and was not necessarily followed by the 
development of more severe symptoms; it w^as not therefore reckoned as 
dermatitis unless subsequent inflammation of other parts occurred. 

(2) Marked dermatitis of one or more limbs, nose, ears and eyelids; the skin 
being red, shiny, denuded of hair and sometimes oedematous, 

^ (3) Severe dermatitis, showing symptoms as in (2) only more marked, the 
animal in this stage being very ill. 

Before testing the curative action of the materials the symptoms ■ were 
allowed to proceed to the second stage of marked dermatitis. Cases of slight 

^ Beit Memoria] Researcli Fellows 
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dermatitis may sometimes cure spontaneously. The following materials were 
tested : 

(i) Watery yeast extracts. 

(ii) Yeast extracts heated for 5 hours at acid reaction. 

(iii) Yeast extracts heated for 1 hour at alkaline reaction. 

The preparation of (i), (ii) and (iii) is described in the following paper 
[Roscoe, 1933, 2]. 

(iv) Egg-white filtrate, prepared according to the method described by 
Chick, Copping and Roscoe [1930]. 

(v) Meat, minced beef steak, dried at 37° and ground. 

The results of the dermatitis- curing and growth- promoting tests are given in 
Table I. For the latter, the criterion was the daily dose needed to promote 


Table I. Daily doses of various materials needed hy young rats when given as sole 
■source of vitamin B 2 , in order to : (1) promote 50-60 g. weight increase in 
0 tveeJcs; (2) ctire the dermatitis developing in the absence of vitamin Bq. 



Daily dose g.* 





Ratio of 


i 

required for 

A 


Xo. of rats 


Smallest dose 

growth - 



( 



on which 

promoting 


50-60 g. wd. 



Slight 

Xo 

more than 

to derma- 


iiicr. in 

given to cure 


improve- 

improve- 

of the rats 

titis-curing 

Material 

5 weeks 

dermatitis 

Cured 

ment 

ment 

W'ere cured, g. 

doses 


(») 





(6) 

(alb) 

Yeast extract 







R. VIII 

0*25 

0-06 

0*125 

2 

1 

— 

0*125 

2*0 

R.X 

0-25 

0*06 


1 

3 

0*125 

2-0 



0*125 

3 





R. XII 

<0*25 

0*06 

2 



I 

0*06 

<4*0 



0*125 

i 





Acid autoclaved yeast extract (120°, 5 hours) 





R. V 

0*25 

0-06 

— 

1 

— 

0*125 

2*0 



0*125 

3 

— 

1 





0*25 

1 





R. X 

0-25 

0*06 

2 

1 

2 

0*125 

2*0 



0*125 

3 

— 

1 



Alkaline autoclaved j^east extract (120°, 1 hour) 





R. \TII 

1-5 

0*25 

1 

■ — 

1 

0*5 

3*0 



0*5 

1 





R. X 

0*5 

0*125 



1 

1 

0*25 

2*0 



0*25 

3 

1 






0*5 

1 





R. XII 

1-0 

0*125 





1 

0*25 

4*0 



0*25 

2 





Egg-white filtrate 







R. I 

10 

1-25 





1 

2*5 

4*0 



2*5 

2 





Meat 








Steak, dry 

0-7 

0*1 



1 

3 

0*2 

3*5 



0-2 

2 

— 

1 




The doses of yeast extracts are given as the equivalents in dry yeast, those of the egg-white 
filtrate as equivalents of fresh egg-white. 


50-60 g. weight increase in 5 weeks; for the former the smallest daily dose which 
resulted in cures of more than half the animals. It will be seen that the amount 
needed to cure dermatitis varied from one half to one quarter of that required to 
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support the standard rate of growth. The number of rats used for each material 
was admittedly small so that a variation of this magnitude was not considered 
signifi-caiit. 

The results indicated that, withui the large experimental error unavoidable 
ill this type of experiment, the dermatitis -curing and growtii-pronioting factors 
have a similar relative distribution in the materials tested, yeast extract, egg- 
white filtrate and meat, and that they are similarly affected by heat in acid and 
alkaline media, both being much more sensitive in the latter* case [see also the 
following paper, Roscoe, 1933, 2]. It is therefore concluded that the two factors 
are identical. 

SUMMAEY. 

The daily doses of ^x-ast extract, egg-white filtrate or meat needed to cure 
the dermatitis associated in ^mimg rats with vitamin B 2 deficiency were shown to 
be proportional to the daily doses needed to promote a given weight increase. 
This was also true of the yeast extract after it had been heated in acid or alkaline 
media. Thus no support was found for the theory postulating the existence of 
separate dietary factors responsible respectively for preventing and curing 
dermatitis and for promoting growth. 

My thanks are due to Dr H. Chick for advice and criticism and to Mr F. T. G. 
Priinty for help with the animals. 
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CCXI. THE HEAT-STABILITY OF VITAMIN 
III. THE RATE OF DESTRUCTION AT VARIOUS 
REACTIONS OF VITAMIN CONTAINED 
IN DIFFERENT MATERIALS. 

By MARGARET HONORA ROSCOEi. 

From the Division of Nutrition, Lister Institute, London. 

{Received August 31st, 1933.) 

While little is known of the chemical and physical properties of vitamin 
it is generally recognised to be the most heat-stable member of the vitamin B 
complex. This fact made jiossible its original differentiation from vitamin Bj_ and 
has been the basis of most subsequent methods of separation from other con- 
stituents of the vitamin B complex. For this reason much interest and work has 
been concentrated on ascertaining the degree of this heat- stability and the 
conditions governing it. 

Williams and Waterman [1929] compared the effect on growth of rats of a given amount of 
brewer’s yeast, given as source of vitamin before and after autoclaving for 6 hours at 120® at 
varying and showed that after this length of time destruction was slight in an acid medium 
hut considerable at a slightly alkahne reaction 8*0) and practically complete at a strongly 
alkaline reaction (pji 12-14). 

Papers I and II of this series [Chick and Koscoe, 1930; Chick and Copping, 1930] contained the 
results of experiments on the heat-stability of vitamin Bg as contained in dried yeast or in a 
watery yeast extract. The assays were carried out by means of rat growth tests and were checked 
by cures of dermatitis. It was showm that after heating at 120° for 4—5 hours in an acid mediiiiii 
(Pii 3'3— 3*0) about half of this vitamin was destroyed, but after 4 hours in a slightly alkaline 
mediimi (pa S-3-7-1) nearly all was destroyed, while in a more alkaline medium (Pn 9*9-8-7) 
destruction was complete. 

Halliday [1932] studied the heat-stability of vitamin B 2 present in protein-free milk, in 
quantitative experiments comparing the minimum amounts of each material needed to produce a 
given weight increase. Heating for 1 hour at 100° at Pn 4.-3, 7-0 and lO-O caused 10, 30 and 40 9^ 
loss, respectively, of vitamin Bo . Four hours’ heating at the same reactions resulted in 30, 50 and 
75 % loss respectively. It was therefore apparent that the rate of destruction by heat increased 
with increasing alkalinity and that after 4 hours at a temperature of 100° in a strongly alkaline 
medium there was great destruction of vitamin. Bo. 

In apparent contradiction of these results are those of Hassan and Drummond [1927], 
Header [1929; 1930], Cuba and Drummond [1929], Narayanan and Drummond [1930], Guha 
[1931,^ 1], who found that rats grew normally when receiving vitamin B^ as small daily doses of 
inarmite which had been heated at 110-125° for 1—3 hours in alkahne media, and who therefore 
concluded that vitamin Bo was stable to heat and alkali. Only in t^vo cases, however, was the 
inarmite tested for its vitamin Bo content before heating [Hassan and Drummond, 1927; Header, 
1929] and in no case was a determination made of the minimum doses of the material needed for 
normal growth before and after heating, so that the only conclusion to be drawn from this work is 
that vitamin Bo vas not entirely destroyed, in the materials tested, by 1—3 houi's’ heating in the 
alkaline medium employed. 


^ Beit Memorial Research Fellow. 
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HEAT-STABILITY OF VITAMIK Bg 

The ap}3areiitly divergent results obtained by different workers when 
investigating the heat -stability of vitamin Bq as present in different materials, 
have led to the supposition that variations in the source of the vitamin might 
affect the heat- stability. This factor was stressed by Gulia [1931, 2]. He 
investigated the effect of heat (3 hours at 124-125^) on three different materials, 
(1) fresh ox-liver, (2) a wateiy solution of commercial liver extract (Eli Lill}^, 
No. 343) and (3) a watery extract of brewer^s yeast. In acid medium, no 
destruction of vitamin Bg was observed in (2) or (3). But after heating in alkaline 
medium (initial 9-0, final 7-6-6-1) the vitamin Bg in (1) and ^3) suffered 
75 % and 90 % destruction respectively, while that in (2) appeared to be 
unaffected. These results together with previous ones were taken to show that 
tlie vitamin B2 present in commercial liver extract (and in marmite, see Hassaii 
and Driunmoiid [1927]) was not readily destroyed by heat and alkali as was the 
case when present in fresh fiver or in a watery yeast extract, the greater stability 
in liver extract and marmite being probably due to tlie presence of some protec- 
tive agent. 

In ^ this paper therefore, experiments are reported, using various sources of 
vitamin B2 similar to the above, viz , : a watery yeast extract, a watery liver 
extract and marmite. These have been heated at 120° for i hour in alkaline- 
solution at approximately equal pjj values. In addition, further results are: 
given of the effect of heating yeast extracts at acid and various alkaline- 
reactions. 

Experimental. 

The method ^of testing for vitamin Bg was that described by Chick and 
Koscoe [1928]. The basal diet and vitamin B;^ and B4 supplement employed are 
described in an accompanying paper [Roscoe, 1933, 1], The young rats weigliiiig 
35-45 g. were fed the basal diet only for 1 week during which time their weight 
was stationarjr^ and then received the vitamin Bj and B4 supplement and the 
doses of vitamin Bg . Growth was observed for 5 weeks, the amounts of each 
material providing sufficient vitamin Bg to promote 50-60 g. increase in weight 
in this time being ascertained. This amount of growth was subnormal, and with 
more^ vitamin B.^ much better growth occurred; there was therefore no un- 
certainty, such as occurs when normal growth is the criterion, as to whether the 
doses administered were indeed the mmimum amounts required to support this 
degree of growth. Four rats received each dose. 

The following three materials were investigated. 

^ (1) A watery extract of yeast, made from washed brewer’s yeast with 
boiling 0-01 % acetic acid. 2 cc. of the extract were equivalent to i g. of the 
original yeast (dry wt.). 

J2) Marmite, an autotysed yeast extract. This was dissolved in an equal 
weight of water before heating. 

(3) Liver extract (Eli Lilly, No. 343), kindly supplied by the maker in the 
waterj^ form prepared for intramuscular injection. 1 cc. of the extract w^as 
equivalent to 5 g. of the original whole liver. 

These materials were all heated for 1 hour at 120° at approximately equal 
degrees of alkalinity 8*7-7*2). In addition, tests were made of the yeast 
extract ( 1 ) after treatment for 1 hour at three different degrees of alkalinity and 
for 5 hours in an acid medium. The heating took place in an autoclave at 15 lbs. 
pressure. ^Determinations of the of the materials before and after treatment 
were carried out by means of a hydi’ogen electrode. 

Biochem. 1933 xxvii 
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Results. 

Tiie figures in Table I show that when watery yeast extract, mamiite and 
liver extract were heated at 120° for 1 hour at 8*7-7*2, 50 % destruction of 
the vitamin Bg took place in each case. Thus there w^as no significant difference 
in the degrees" of destruction by heat under these conditions of the vitamin 
contained in the three different materials. 

Table I. Destruction by heat of vitamin B 2 as contained in different materials. 

The folloAving data are shown. 

{a) The doses in, g. of each material found necessary to promote standard growth (50-60 g. 
weight increase in 5 weeks), or, where this was not found, the nearest dose tested. 

(6) The average weight increase in g. of the four rats receiving (a). 

(c) The percentage destruction of vitamin Bg, calculated from (a). 


Untreated After heating 1 hour at 120° 

^ A ^ ^ ^ during 


Material 

{a) 

(6) 

{a) 

{h) 

(c) 

heating 

Yeast extract, R. X 

0*25 

(69) 

0*5 

(57) 

50 % + 

8*7-7*2 

Marmite 

0*15 

(54) 

0*3 

(51) 

50 % 

8*6-8-5 

Liver extract, Eli Lilly, No. 343 

0*075 

(49) 

0*15 

(48) 

50 % 

8-7-7-7 


111 Table II are shown the results of a more extensive set of experiments on 
the heat-stability of the vitamin Bg in the yeast extract. The results of some 
previous work with similar extracts [Chick and Roscoe, 1930] are included for 
comparison. 

Table II. The effect of variation in the p^^ of the substrate ^ ajid in time of heating , 
on the destriiction of vitamin B 2 contained in a watery yeast extract. 

The following data are shown. 

^ (a) The doses in g. of each material found necessary to promote standard growth (50-60 g. 

weight increase in 5 weeks), or, wliere this w^as not found, the nearest dose tested. 

(6) The average weight increase in g. of the four rats receiving (a). 

(c) The percentage destruction of vitamin Bj,, calculated from [a). 

Time during wdiieh material w'as heated at 120° 


Untreated 1 hour 4-5 hours 


Yeast ex- 

^ 

— ^ 

r 




^ 

A 

p|.i during 

tract no. 

(a) 


(a) 


(C) 

(a) 

(6) (ci 

heating: 

R. X 

0*25 

(69) 

— 

— 

— 

0*25 

(60) 0% + 
(5 hours) 

1*4 

XII 

0*20 

(56) 

— 

— 

— 

0*4 

(60) 50 % 

(4 hours)* 

3-3-3-0 

XII 

0*20 

(56) 

___ 

_ 

— 

Trace undestroyed 

8-3-7-1 







(4 hours)* 


R. X 

0-25 

(69) 

0-5 

(57) 

50 % + 

— 

— — 

8-7~7-2 ' 

R. YIII 

0*25 

(S8) 

1*5 

(53) 

83 O/i 

— 

— _ 

9-0-8-7 

R. XII 

0-25 

(78) 

1*0 

(60) 

75% + 

— 

— — . 

9-3-8-5 

XTI 

0*20 

(56) 

— 

— 

__ 

Complete destruction 

9*9-8-7 


(4 hours)''' 

* Results obtained by Chick and Roscoe [1930], 


As would be expected, the length of time for which heating was carried on had 
.a considerable effect on the amount of destruction. Thus, ivhile heating at 120° 
at ppj 8-7~7-2 for 1 hour destroyed only slightly more than 50 % of the vitamin, 
after 4 hours only traces remained undestroyed; in a more alkaline medium 
’(i^H 3-8*5) after 1 hour rather more than 75 % destruction had occurred and 

after 4 hours (pg 9*9-8*7) destruction was complete. 
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The rate of destruction was increased greatly with increasing . While at 
-Pii insignificant amount of the vitamin was destroyed even after 5 hours 

at 120^5 at 3 • 3-3 *0 there was 50 % destruction after 4 hours; at a slightly 
alkaline reaction, 8-7-7 *2, the same percentage destruction occurred after 
1 hour’s heating, and at ‘Pn 9’0-8-7 there was 83 % destruction after 1 hour. 

Some of the above materials were also tested, before and after treatment, for 
their capacity to cure dermatitis [see Boscoe, 1933, 2]. The results were in good 
accordance with those obtained by the growth method. 

Discussion. 

The results here obtained on the heat- and alkali -stability of vitamin Bg in 
iiiariiiite and liver extracts are at variance with those of Hassaii and Drumiiiond 
p927] and G-uha [1931, 2], who found no appreciable destruction of vitamin B 2 
ill these materials after 1 or 3 hours’ heating in an alkaline medium at 115'", as 
opposed to considerable destruction in the case of a watery yeast extract. In 
the present work the vitamin Bg in marmite and in liver extract was as much 
affected as that in yeast extract. 

The treatment here employed was similar to, but not identical with, that used 
by the above authors. The marmite was heated in a slightly, as opposed to a 
strongly alkaline medium [Hassan and Drummond, 1927]: the liver extract was 
heated at a similar reaction in both instances, but in this work for 1, as opposed to 
3, hours [Giiha, 1931, 2]. The treatment in the present work was thus in each 
case less severe, so that less, rather than more, destruction was to have been 
expected. Hassan and Drummond, however, did not determine the minimum 
amounts of the untreated marmite needed for normal growth, so that their 
results, while showing that adecjuate vitamin Bg to support growth had survived 
the treatment, did not prove that some degree of destruction had not occurred. 
The data in Guha’s paper are not given in sufficient detail to show wdiether this 
criticism maj^ not be applied to his experiments also. 

The results reported in this paper emphasise the fact that the destruction 
of vitamin Bg by heat should be regarded as a time-process. As a result of ob 
servations on heating for 1 hour [Hassan and Drummond, 1927; Reader, 1929J, 
the vitamin was judged to be very heat-stable in an alkaline medium, whereas 
Chick and Roscoe [1930], from experiments in which heating %vas carried out 
for 5 hours, considered that the vitamin was heat-labile in an alkaline medium. 
To a certain extent this discrepancy is explained when the different durations 
of heating are taken into account. 

SuMMAKY. 

1 . No difference was found in the stabilitj^ to heat and weak alkali of vitamin 
Eg as contained in {a) a w^atery 3 ^east extract, (6) marmite solution or (c) a watery 
liver extract (Eli Lilly, No. 343). When heatecl for 1 hour at 120" atp^ 8-7-7 ‘2 
all three materials lost 50 % of their original vitamin Bg potency. Thus no sup- 
port was obtained for the theoiy that the resistance of vitamin B .2 to heat and 
alkali varies according to the material in which it is present. 

2. Ill confirmation of previous work vitamin was found to be relatively 
heat-stable in acid solution and the rate of destruction to be increased rapidly 
with increasing alkalinity. 

My thanks are due to Dr H. Chick for constant advice and criticism and to 
Mr F. T. G. Prunty for help wdtli the care of the animals. 
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CCXIL THE MICRO-DETERMINATION OF 
BROMINE IN BLOOD. 


By ARTHUR GORDON FRANCIS and CECIL OWEN HARVEY. 

From the Government Laboratory, London. 

{Received August 26th, 1933.) 

Foe certain biocliemical work it is necessary to determine the bromine content 
of blood in circumstances which preclude the use of samples of greater volume 
than 1 or 2 cc. 

Experience gained during an investigation carried out for the Medical 
Research Council on methods for the determination of iodine in blood suggested 
that a method of destroying organic matter involving ignition with alkali under 
controlled conditions might prove to be satisfactory, and that the bromine 
might subsequently be determined by a micro-modification of the chromic acid 
aeration process [Baughman and Skinner, 1919; Evans, 1931]. 

In the chromic acid aeration processes described by these workers, a double 
aeration is necessary when chlorides are present, to eliminate errors due to a ' i 

small amount of chlorine evolved during the first aeration, 

In attempting to evolve a micro-method of aeration, a considerable amount 
of work has been done, the earlier results being promising but erratic at times. 

When a double aeration was employed, the recoverj^ of bromme varied, and 
was sometimes as low as 60 % . 

As the amounts of bromine to be determined are small (about 0*02 mg.) 
some variation in the recovery is to be expected, but it appeared that, with a 
method employing double aeration, the losses wnuld be higher than desirable. 

In the later experiments a chromic-phosphoric acid mixture was used for 
liberating the bromine, and it was found that the conditions could be so adjusted 
that satisfactory figures were obtained by one aeration in the presence' of an 
amoiint of sodium chloride approximating to that present in 2 cc. of blood 
(Table I). The recovery of bromine is within ±10 % of the theoretical, which 
is satisfactory for work of this kind. 

Table Determination of potassium bromide added to sodium chloride. 

Bromine added Bromine found 
mg. mg. 

Control, 20 mg. of bromide-free NaCl Nil Nil 

Ditto plus 0-005 mg. of bromine (KBr) 0*005 0-0049 



0-010 

0-010 

0-0099 


0-020 

„ 0-020 

0-0214 


0-030 

„ 0-030 

0-0327 


0-050 

„ 0-050 

0-0515 



Preparation of reagents. 



Distilled water. The water should be treated with a mixture of potassium 
carbonate and potassium permanganate and distilled to remove bromine com- 
pounds and organic matter. 
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N 2^ofMSskm hydroxide. Prepared from specially selected material or freed 
from bromine by electrolysis. 

20 'lo solution of sucrose. This solution is added to ensure that in the “ blank'’ 
determinations, any bromate present is reduced to bromide.' In the actual blood 
determinations, any bromate will be reduced during the incineration of the 
blood. The sucrose solution should be substantially free from bromine com- 
pounds, but it is added to the blood determinations as well as to the “blanks'’ 
so that any correction necessary for bromine present in the sucrose is made 
automatical^. 

Ch'omic-phospliofic acid mixture. (1) Stock solution. Pure stumpy phos- 
phoric acid, sp. gi\ 1*75, is treated with sufficient chromic acid to produce a 
saturated solution and leave an excess of chromic acid iindissolved, when the iiiix- 
tiire is heated in a boiling water- bath for 3 hours, with occasional stirring. This 
procedure also destroys organic matter and decomposes any chloride or bromide. 

The mixture is allowed to cool overnight, and is then freed from excess of 
chromic acid by filtration through glass wool. The solution is now again heated 
in a boiling water-bath and is' aerated for 3 hours with a vigorous stream of 
air to remove chlorine or bromine. The air should be filtered through a plug of 
cotton wool to remove dust and then through a plug of glass wmoi to remove 
cotton wool fibres. After cooling, the solution is ready for dilution with the 
special distilled water. 

(2) Diluted solution. Before being used under the conditions of aeration 
to be described later, the stock chromic-phosphoric solution must be diluted 
slightly so that, with 20 mg. of bromide-free sodium chloride, under the standard 
conditions of aeration, no iodine is liberated in the potassium iodide bubblers, 
and the recovery of bromine from potassium bromide in the presence of the 
sodium chloride is satisfactory (see Table I). Dilution of 90 cc. of the stock 
solution with 5-0 cc. of water usually provides a solution of the required con- 
centration, but it is necessary to examine every batch of stock solution to ascer- 
tain whether it functions properly when so diluted. 

2 aqueous solution of qdotassium diclir ornate. 

2 solution of potassium iodide . This solution should be prepared from dis- 
tilled water freed from dissolved gases by recent boiling. When protected from 
the action of daylight and oxidising vapours, the solution is quite stable, and 
a fresh solution need only be prepared every 2 or 3 weeks. 

0'5 solution of soluble arroivroot starch. This solution, which must be freshly 
prepared, is obtained rubbing up the starch with a little water, and pouring 
the mixture into boiluig water. The total time of boiling should not exceed 
2 minutes. 

Standard solution of sodium thiosidpJiate. This solution is made with 

distilled water freed from dissolved gases by boiling and containing 1 % by 
volume of pure amyl alcohol, as recommended by Aitken [1930]. It should be 
stored in a container fitted with a soda lime tube and a siphon made entirely 
of glass terminating in a glass tap. When shielded from direct daylight, the 
solution is quite stable, but should be restandardised at least once a week. The 
solution may be standardised against a solution of potassium bi-iodate, A^/100 in 
oxidising power. 

Destruction of the organic matter. 

1~2 cc. of blood, carefully measured or weighed, are placed in a round- 
bottomed nickel dish, 9 cm. in diameter, and treated with 20 cc. of water, 
3*0 cc. of iN ROH, and OT cc. of the sucrose solution. The mixture is w^ell 
stirred with a glass rod, the rod being rinsed with a little water and removed. 
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After taking the solution to dryness on the steam- hath, the dish and its 
contents are placed in an oven at 150-160° for 1 hour and then ignited for 
1 hour in a muffle furnace at 480-500°. 

The material is now moistened with about 20 cc. of water., the carbon is 
thoroughly broken up with a glass rod, and the mixture is allowed to digest 
on the steam-bath for 2-3 minutes while being stirred with the rod. 

The hot solution is now decanted through a filter (9 cm. Whatman No. 5 
paper previousl}^ tlioroughlj^ washed wdtli hot distilled water before use) into 
a 100 cc. beaker, the carbon in the dish being again extracted by digestion with 
w'ater on the steam-bath and finally extracted with W''ater until the filtrate has 
a voliiine of about 40 cc. The filtrate is evaporated on tlie steam-bath in a 
recenth^ ignited platinum dish, about 8 cm. in diameter. 

The filter-paper is placed in the nickel dish, and the contents of the dish 
are moistened with water and treated with 1*0 cc. of A NOH. After being 
mixed thoroughly, the mixture is evaporated to dryness on the steaiii-batli, 
dried for 15 minutes at 150-160° and ignited in the muffle furnace at 480-500° 
for 1 hour. 

The residue, which now contains only a little carbon, is extracted hj digestion 
with water on the steam-bath in the manner already described, the filtrate being 
added to the previous filtrate which has been evaporating in the platiiiiini dish. 

(A^o^e. The nickel dishes should be freed from carbon after use by igniting 
them ill the muffle furnace.) 

The combined filtrates in the platinum dish are evaporated to dr^mess, the 
dish is placed in the oven at 150-160° for 10-15 minutes and is then ignited 
for 10 minutes in the muffle at 480-500°. 

The residue is dissolved in a little water, the solution is evaporated, and 
the dish is placed in the oven at 150-160° for 10-15 minutes and ignited for 
10 minutes in the furnace at 480-500°. 

The moistening, evaporation, drymg and ignition for 10 minutes are re- 
peated once again. 

To assist the final removal of traces of organic matter, the residue is now 
dissolved in a little ivater, treated with 1 ce. of 2 % potassium dichromate 
solution, and the evaporation, drying and ignition for 10 minutes at 480-500° 
are repeated. 

The alkaline residue is dissolved in about 15 cc. of cold water and the solution 
is passed through, a filter (7 cm. Whatman No. 42, previously well washed with 
hot water), washing with cold water until the fi.ltrate has a volume of 30-40 cc. 

The filtrate is evaporated in the platinum dish; the dish is placed in the 
oven at 150-160° for 10-15 minutes and is finally ignited for 5 minutes at 
480-500°. 

The dish is now covered to prevent contamination by organic matter in the 
form of dust from the atmosphere. 

AeraMon and titration of the liberated iodme. 

The apparatus (Fig. 1) must he kept scrupulously clean and free from 
iiiinute traces of organic matter. On no account must lubricating grease or 
rubber joints be used, the ground joints being lubricated with distilled water 
only. 

Frec|ueiit cleansing by soaking in chromic-sulphuric cleaning mixture is 
essential, and this should be followed by very thorough washing, first with tap 
water, and then with distilled water. Finally, the entire apparatus, with the 
exception of the two small potassium iodide-starch containers, is rinsed with 
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very dilute sulpliiiric aeid (approx. N 15000), well drained and set up in a 
position where it is screened from the action of direct sunlight. 

(Note. The action of daylight encourages the reaction, 

2Br2 + 2H,0 = 4HBrH-02, 

which reaction, should it take place in the tubes D and E, will prevent the 
bromine from being completely evolved. Similarly, if the tubes are not kept 
slightly acid, but tend to be alkaline, evolution of the bromine will be incomplete ) 



Tig. 1. 


Each of the small bubblers B and G contains 0*5 cc. of the potassium iodide 
solution and 0*5 cc. of the starch solution^. 

The residxie in the platinum dish is dissolved in exactly 3-0 cc. of water, 
and the solution is carefully poured down the funnel into the lara:e bubbler A 
the dish being twice rinsed with exactly 1-0 cc. of water, the total volume of 
water used being 5*0 cc. 

The water-pump is now turned on, and a slow stream of air at the rate of 
about 3 litres per hour^ is passed through the apparatus, while 6-0 cc. of the 
diluted chromic-phosphoric mixture are carefully run down the funnel into the 

large bubbler. The heat of reaction causes the temperature of the solution to 
rise slightly. 

The soda-hme tube is replaced, and, in about 16 secs, when the effervescence 
ceases, the rate of the air stream is increased to 8-10 litres per hour and main- 
tamed at this rate for 20 minutes (laboratory temperature 15-20°). 

The contents of the second small bubbler C, which should contain little or 
no liberated iodine, are now blown back into B, and the end of the tube D is 

1-1 of starch to the bubblers is very beneficial in assisting the retention of the 

liberated iodine [Thomas and Cross, 1928; Zepf and Vetter, 1930]. 

- If the air stream is too rapid, smaU drops of the alkaHne solution may be splashed into 
the upper part of the large bubbler and may absorb some of the evolved bromine. 
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rinsed with a little water, whereby the total volume of liquid in the container 
of bubbler B is brought up to 3-4 cc. 

The iodine is now titrated with iV/SOO thiosulphate, using a micro- burette. 
Ill the work for the Medical Research Council previously mentioned it was found 
necessary to make a small correction for the end-point error. In terms of 
bromine, for small volumes, this correction is +0-0002 Fmg., where F = the 
volume of the solution after titration {i.e. one adds to the figure for bromine 
obtained by titration, 0-0002 mg. for every cc. of solution). 

Some results obtained by the method are given in Table II. These form a 
complete series of results and are not selected figures. 


Table II. 

Recovery of bromine comy)o%inds added to 2*0 cc. of horse blood in each case. 

Results obtained by deducting the figures found for the bromine 
naturally present in the blood. 


Form in which the bromine was 

mg. of bromine 

mg. of bromine 

added to the blood 

added 

found 

Potassium bromide 

0*010 

0*011 

3? 

0*020 

0*022 

?? 

0*030 

0*030 

o-Bromobenzoic acid 

0*010 

0*012 


0*020 

0*019 


0*016 

0*017 


0*024 

0*027 


0*030 

0*031 


0*024 

0*027 


0*030 

0*031 


0*040 

0*040 

Bromodiethylaeetylurea 

0*010 

0*010 


0*016 

0*015 


0*026 

0*026 


0*030 

0*030 


Bromine found in samples of blood kindly siipplied by Dr J. B. Orr. 


mg. of hroinirie per 


'‘Blank” 


Total mg. 
of bromine 
found 

0*0007 

2*0 cc. of blood 
corrected for 
“blank” 



0*0009 

— 

'' 1 . Cow 

0*98 cc. 

0*0171 

0*033 


1*94 „ 

0*0349 

0*035 

2. Guinea-pig (F). 

0*97 „ 

0*0217 

0*043 


1-92 „ 

0*0492 

0*050 

3. Fow1(M:). 

0*98 „ 

0*0075 

0*014 


1*94 „ 

0*0134 

0*013 

4. Sheep (F.) 

0*94 „ 

0*0092 

0*018 


1-86 „ 

0*0171 

0*018 

5. Rat (M). 

0*93 „ 

0*0116 

0*023 


1*84 „ 

0*0198 

0*021 


This animal had been receiving a diet containing jiotassium iodide. The figure obtained for 
bromine may therefore be slightly higher than the true value. 


Frequent “blanks ’’ should be carried out to ensure that bromine is not being 
picked up from the atmosphere of the laboratory or other sources. If the blood is 
oxalated, then the “blanks ” must contain a corresponding amount of the oxalate. 
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Satisfactory results will onty be obtained when strict attention is paid to 
details. The aerations must be carried out in precisely the manner described 
and constant vigilance must be exercised to ensure that errors are not creeping 
ill from unexpected sources. It appears to be desirable to call attention to the 
following points. 

1. The presence of minute traces of organic matter in the apparatus may 
cause loAV results as also may the presence of foreign organic matter in the 
starch solution. 

2. If the potassium iodide or starch solutions are alkaline, the results will 
be low. 

3. It is not permissible to use chromic-phosphoric mixture which evolves 
a small amount of halogen on aeration and to correct for this halogen hy means 
of a ‘'blank.’’ Such, a “blank” may be due to elemental chlorine in the ciiromie- 
phosphoric solution, which, w^hile being evolved in the “blank,” may not be 
evolved in the actual determination owing to its interaction with the* bromide 
present. 

4. High results may be obtained with materials containing iodine. Normally, 
blood does not contain sufficient iodine to affect the bromine figures. 

5. For the recovery of volatile bromine compounds, such as bromoforiii, 
the blood would have to be evaporated and burnt in a closed system. The figures 
obtained (Table II) indicate that the method of alkaline ignition in open dishes 
is satisfactory with bromine compounds of the nature of those likely to be 
present in blood. 

6. If colloidal silica were present in the large bubbler during aeration, the 
removal of the bromine w^ould probably be incomplete. Such silica might be 
derived from the caustic potash or from the material undergoing examination, 
but no trouble of this kind has been experienced while working with the samples 
of blood. 

7. Examination of the results embodied in Tables I and II shows that, 
although no chlorine is evolved when working with pure sodium chloride, the 
figures for bromine tend to be high rather than low, although it w^'as found that, 
in the absence of chloride, the chromic -phosphoric aeration process always gave 
lo'w results for the recovery of hromme (about 85 % recovery). As this error 
tends^ to increase with increased bromine concentration it appears that, when 
carrying out a series of comparative determinations of blood-bromine, the 
results will be more strictly comparable if the volumes of blood taken for 
analysis are such that approximately the same quantity of bromine is recovered 
in each case. 

Summary. 

A method is described for the determination of bromine in small volumes of 
blood with an accuracy of approximately 10 % . 

In conclusion, w^e wish to thank Sir Robert Robertson for granting us per- 
mission to publish this paper, and Dr J. B. Orr for arraiiging for the supply of 
samples of blood. 
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CCXIIL THE PRODUCTION OF MUCUS DURING 
THE DECOMPOSITION OF PLANT MATERIALS^. 

L THE EFFECT OF ENVIRONMENTAL CONDITIONS. 

By JAGESHWAR GOPAL SHRIKHANDE. 

From the Fermentation Department, Eothamsted Experimental Station. 

{Received J'lily 27th, 1933.) 

It lias been observed that the straw in some manure heaps undergoing decom- 
position develops stickiness. Such sticky manures may be better adapted to 
light sandy soils and are possibly unsuitable for heaver clays. The possible effect 
of mucilage from plant residues on the physical behaviour of the soil has been 
suggested by Hutchinson and .Clayton [1919]. The substance conferring on 
manures the physical property of stickiness will be referred to hereafter as 
mucus. It is apparent that mucus formation must be a result of the micro- 
biological activity during decomposition. 

Though the decomposition of plant materials has been studied extensively 
and the losses of individual constituents followed in detail by Rege [1927], 
Waksmaii [1928] and Norman [1929], no reference is made in the literature to the 
production of mucus. 

The experiments described in this paper were designed to examine the 
conditions involved in the production of mucus. Straws was fermented in the 
presence of different sources of available nitrogen with changes in the physical 
conditions and reaction. Extractions of the decomposed straws were made to 
seek any possible correlation between the rates of their decomposition and the 
production of mucus. The amount of mucus produced was measured by a 
specially devised physical test. 

Physical test for measuring the stichiness. 

The principle of the method consists in measuring the vertical force required 
to separate after drying two metal plates which contain between them a known 
weight of the manure sample. 

The following apparatus is required for the determination — a number of pairs 
of metal plates, one of 4 ins. square and the other of 3 ins. square with a hook in 
the centre, a system of two frictionless pulleys in a horizontal plane, lead shot, a 
receptacle to receive the lead shot and a lead weight weighing 1600 g. with a slit 
to fit over the hook of this plate. This apparatus is represented diagrammatically 
in Fig. 1. 

The metal plates should be sufficiently rigid not to bend under the forces 
applied. In order to keep the lower plate firmly fixed, while the force is being 

^ This paper is an abridged form of a part of the thesis approved for the Degree of Doctor of 
Philosophy in the University of London. 
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aiiphed, it is made to slide in between two jaws made by screwino- to the benoii 
top two metal pieces over another of 4 ins. length and of the same thickness ^ 
that of the plates. The lower two plates are kept parallel and 4 ins anart in 
such a way that the lower metal plates of 4 ins. square can be easily slid i^i wit i 
no danger of causing any jerks to the plates containing the maniu?e. When the 
plates are ready for measuring the pull, the lower plate is gently slid in the Innn 
at one end of the string over the pulleys is put in the hook of the top plate and 



Fia 


1. Apparatus used for measuring stickiness. 


the other is connected with the receptacle for carryinv the lead sihnt« i ^ 

are gradually poured in till the top plate is vX^liy 

iiom Its position of rest. The weight of the shots minus the weio-ht of the ton 
p ate gives the tota pull to separate the two plates. The diameter of the etcuk? 
block occupied by the manure is measured. An average of three or four readino’s 
m dififerent positions is taken as the block is not usually regular Knowing the 

wli.Vh fi ^ • consists m cutting the rotted straw as finely as possible after 
which the mass is thoroughly mixed and vigorously worked with rsnatka to 

nkteT ^Tlm mixture One gram portions are then weighed out on each of the 
ates. The mass is gathered into a mound by the spatula in the centre S the 
plate and the top plate placed in such a way that it rests freely with faces parallel 

' ’ ensure uniform and complete drying It is esspnti?il i-n 

ssrat ssSi oMonr" “‘“i..!" <>„ a, 

time Bouvoucos hn ^ weight on the sample for a specified 

different press^es afiffr^rT- plates with the hands, introducing 

disc occupkTbTM tbe thickness of the 

phvIkauL?^It^]l^W^°^ir+^!i*^® determinations of stickiness made by the 

mapitude of the ereor increases inveLly 

figures for stickiness are si^S^ ® moderately sticky samples the 
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Table I. Significance of the determinat/ions of stickiness made by the 

physical test. 




Radius of the 

Force per unit 

Force per unit 


Actual pull 

manure disc 

area per 1 g. of 

area per 1 g. of 

Readings 

recorded in g. 

in cm. 

wet sample 

dvy sample 


NaXOg rot 

dry matter 13 

%. Very sticky. 


1 

5200 

1-25 

1059 

8140 

2 

4875 

1-25 

991 

7620 

3 

4958 

1-25 

1010 

7770 

4 

4800 

1-20 

1061 

8160 

5 

4110 

1-25 

837 

6436 

6 

5190 

1-25 

1056 

8120 

7 

5000 

1-25 

1018 

7830 


5075 

1-25 

1034 

7944 



Mean 


llo2-5 



Standard deviation 

566-32 



Standard error of the mean 

± 200-2 


Urea rot : dry matter 20 % . 

Moderately sticky. 


1 

2000 

1-30 

481-4 

2407 

2 

1800 

1-25 

366-4 

1832 

3 

1200 

1-25 

244-5 

1222 

4 

1600 

1-20 

353-7 

1768 

5 

1900 

1-20 

420-1 

2100 

6 

2000 

1-25 

407-3 

2036 

7 

2050 

1-25 

417-4 

2087 

8 

1800 

1-20 

390-0 

1990 



Mean 


1930-2 


Standard deviation 345-0 

Standard error of the mean ±121-9 



(NH4),C03 

rot: dry matter 12 %, 

, Slightly sticky. 


1 

130 

1-80 

12-7 

lOo'S 

2 

150 

1-75 

13-5 

101-2 

3 

100 

1-40 

16-2 

135-3 

4 

150 

1-70 

16-5 

137-7 

5 

290 

1-60 

36-0 

300-5 

6 

100 

1-60 

12-4 

103-5 

7 

250 

1-50 

35-3 

294-1 

8 

220 

1-60 

27-3 

227-5 



Mean 


175-7 



Standard deviation 

85-4 



Standard error 

of the mean 

±30-2 


Expebimental. 

The ph^^sical test for stickiness was carried out on decomposed straws 
obtained under the various conditions outlined below. 

Oat straw was rotted in presence of mixed flora for 30 days wdth the follo'wing 
changes in the environmental conditions. 

(а) Variation in the initial moisture content at 35°. 

(б) Variation in the sources of nitrogen at 35°. 

(c) Variation in temperature — 15°, 25°, 35° and 45° — with urea as the source 
of nitrogen. 

(d) Variation in temperature — 15°, 25°, 35° and 45° — with sodium nitrate as 
the source of nitrogen. 

(e) Degree of decomposition at 35° with sodium nitrate as the source of 
nitrogen. 

(/) Adjustment of at 10*0 independent of the source of nitrogen. 
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Technique and methods. 

Twenty g. of air-dry chaffed oat straw of ImoTO moisture and nitroo-en non 
tents were fermented aerobically in bottles with its natui’al mixed flora Nit 
was supplied to the extent of 1 g. per 100 g. of straw and the bottles incubate!*;? 
the desired temperature. They were turned round in the first few days to emT!; 
thorough vyettmg and frequently stirred to get homogeneous distributioir!f 
nitrogen and moisture. Water-logging was avoided as it causes anaerobic con 
ditions. After the desired period each bottle was weighed with its contents and" 
analysed as indicated below. 

1. Extractions with water, 1 % sodium carbonate and 1 o/ sodiu... 
hydroxide. In each case 10 g. of the wet sample were boiled for 5 minnt??;,?fi 
10« » of w.te a.d «lt.r.d. The aq„e„™ ertr.et e,.por.£d ‘ 

watei-bdth and weighed. The alkalme extracts were precipitated with a few drons 
y hydrochloric acid, g^tly heated to coagulate the precipitate and then filtered 
through fared papers. The precipitates were well washed, dried and weighed 
f. , 90 % alcohol were carried out m a Soxhlet apparatus for 

6 hours, hpon removal of the alcohol the extract was weighed, and after hydro 

&“hK;Kr ^ 

by ^ ™ 

4. Ammonia-N was determined by distillation with Mo-Q. 

r !ii samples rotted with sodium nitrate wms determined bv 

distdlation of the residue from ammonia-N in presence of alkali and Devarda’s 

6 ytal N was determined by the usual Kjeldahl method. In the nreseiice 

of mtrate-N the sulphuric-salicylic acid method was adopted. 

Results. 

on 'l!?f f (6)- Fungi were noticed on or about the 6th day. At the end of 
30 days no trace of fungus mycelium was obvious except with ammonium 
carbonate and urea. Copmvus seemed to be very active in ammonium carbonate 
urea and sodium mtrate rots. Better decomposition was obser^d ?Jth Sn 
mum sulphate when calcium carbonate was introduced. Fungus o-rowdh was 
hardty noticeable at 15^ The rots appeared different under differmtCdhions 
The manures obtained, usmg ammonium carbonate, sodium nitrate and mould 
tissues as the source of mtrogen at high moisture contents, were noticeably shmy . 

Ejfect of initial moisture content. 

Table II gives the effect of initial moisture content upon the decomnosition 

aojirsten at bU, 70, 80 and 90 %. During the course of decomnosition an 

30 days thevs?^ maintain the above levels of moisture but at the end of 
uO day.s they seem to narrow down to about 85 to 98 %, which seems to he the 
optmum moisture necessary for pronounced rottino- 

.(0) iol extidctions and the physical test for stickiness The fio-nre® fm- 
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Table II. Nitrogen content of straws rotted by mixed floras with different 
sources of available nitrogen for 30 days at 35°. 

Expressed on. 100 g. drj- straw. 


Initial 


moisture 

Dry 

Loss of 





% 

matter 

D .M. 

NHs-N NOg-N 

Total N 

N factor 

N eqxiiv 




Aminonmm carbonate. 




60 

{a) 13-8 

39-6 

0-018 0-0 

1-20 

0-89 

2-2 


(6) 19-7 

36-5 





70 

(a) 12-8 

40-6 

0-016 — 

1-33 

0-96 

2-3 


(6) 15-0 

39-2 





80 

{a) 12-0 

41-2 

0-013 — 

1-33 

1-06 

2-5 


(h) 14-0 

45-0 





90 

'(«) 11-9 

42-2 

0-044 — 

1-71 

1-20 

2-8 


(6) 11-4 

44-4 








Ammonium sulphate. 




60 

(a) 17-0 

36-5 

0*467 — 

1-29 

0-68 

1-8 


(b) 23-4 

30-1 





70 

{a) 15-9 

28-5 

0-595 — 

1-49 

0-59 

2-1 


(5) 19-3 

32-5 





80 

(a) 15-4 

23-4 

0-550 — 

1-41 

0-69 

3-0 


(6) 16*7 

31-5 





90 

{a) 14-0 

20-0 

0-593 — 

1-68 

0-68 

3*4 


(6) 14-7 

30-7 








Sodium nitrate. 




60 

13-8 

30-7 

0-041 0-119 

1-76 

0-83 

2-7 

70 

(a) 13-6 

49-2 

0-012 0-020 

MS 

0-81 

1-6 


(6) 15-2 

52-8 





80 

(a) 13-4 

43-7 

0-009 0-009 

1-20 

0-63 

1-4 


(6) 13-3 

52-3 





90 

12*6 

48-7 

0-027 0-027 

1-31 

0-89 

1-8 




Water. 




SO 

18-2 

30-0 

— — 

0-36 

0-16 

5-3 




Peptone. 




75 

16-5 

39-5 

0-004 — 

1-48 

M2 

2-8 

75 

15-6 

44-1 

0-007 — 

1-49 

MO 

2-4 




Caseinogeii, 




75 

17-0 

43-0 

0-002 — 

1-46 

MO 

2-5 

75 

17-1 

41-8 

0-002 

1-30 

1-07 

2-5 




Urea. 




75 

20-0 

32-5 

0-003 — 

1-36 

1-03 

3-1 

75 

18-9 

34-0 

0-004 — 

1-67 

1-30 

3-8 


moisture content of the soil. There is, however, an exception to this in the case of 
ammonium sulphate where the order is reversed. It is possible therefore that 
a high moisture content with (NH4)2S04 as the source of nitrogen depresses the 

activity of the organisms. 

The figures for “nitrogen factor” of straws rotted at 35° were determined for 
the sake of comparison and are given in column t of Table II. The nitiogen 
factor in these cases is the resultant of the many organisms ^involved and shows 
a tendency to increase with higher moisture content, meaning that it increases 
with the degree of decomposition for the particular source of nitrogen. 
Aniiiioniuin sulphate gives the lowest nitrogen factor whereas aiiiiiioiiiiim 
carbonate gives the highest with inorganic sources of nitrogen. Sodium nitrate 
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however does not appear so good as ammonium carbonate from the point of view 
of nitrogen immobilisation although it gives a higher decomposition The 
nitrogen factor with organic sources of nitrogen is of little value because it is 
difScult to distinguish between nitrogen synthesised by the organisms and the 

organic nitrogen supplied. ' ‘ ^ 

“Nitrogen equivalents” are given in Table II, column 8. Sodium nitrate 
gives the lowest figure of 1-4 with 80 % initial moisture content indicating the 
greatest activity of the organisms per g. of N. The highest figure is 3-4 with 
(NH 4 ) 2 S 04 and SO % moisture, no doubt due to the low activity of the oro-ani,™. 

ill this case. ^ 

Hiitcliinson and Clayton [1919], while discussing the decomposition of 
cellulose with Spirochaete cytophaga, say “from the chemical standpoint and 

on account of its insolubility in acids and solubility in ammonium hydroxide 
the mucilage would without doubt appear in the ‘ crude humus ’ fraction in the 
conventional soil analysis.” An attempt was made to extract this fraction 
possibly responsible for the stickiness. Table III gives the figures for various 
extracts and the values for the stickmess as measured by the physical test. The 
figures for stickiness were obtained on the mixture of samples with the different 
moisture contents for a particular source of nitrogen. The maximum sticldness 
was obtamed with sodium nitrate, which also gave the greatest decomposition 
and the highest wai,er, sodium carbonate and sodium hydroxide extracts. Mould 
tissue IS the source of nitrogen which gives the maximum decomposition ‘> “/ 
nitrogen supphed as tissue gives extracts of the same order as sodium nitrate 
though the stickiness is rather lower. Double the amount of tissue produces 
more than double the amount of stickiness. This clearly indicates that stickmess 
depends a great deal upon the quantity of elaborated fungal tissue. The lowest 
figures for stickiness and extracts were obtained with ammonium sulphate. The 
best correlation between stickiness and extracts seems to be obtained with 
sodium carbonate extraction. This is expressed graphically in Fig. 2. The 


Fig. 2. Correlation between stickiness and sodium carbonate extracts of manures. 

approximately be 

piesented by a straight line. Log y = 0-0983a; -f 2-365 

would decomposition. Water 

TolSe mater Irr ^ hemicellnloses and any water- 

lartr w^er f T®’ during decomposition. The 

r«er vatex extract can therefore be explained by the presence of more of the 
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Table III. Different extracts with physical test /o’" 

sLwa rotted by mixed flora with different sources of nitrogen for 30 days at . 

Expressed on 100 g. dry manure. 


Initial 

moisture 

04 

/O 

60 

70 

80 

90 

60 

70 

80 

90 

60 

70 

80 

90 

80 


75 

75 


Loss 
of n.M. 

(a) 37*16 

(b) 36*50 

(a) 40*60 

(b) 39*20 

(a) 41*20 

(b) 45*00 
(a) 42*20 
{b) 44*40 

{a) 36*50 
(&) 30*10 

(a) 38-50 
(&) 32-50 

(a) 23-40 
(5) 31-50 

(a) 20*0 

(5) 30-7 

30-7 

(a) 49*2 

(b) 52-8 

(a) 43-7 

(6) 52*3 

48-7 

30*0 


39-5 

44-1 


Sugars in 
alcoholic 
Alcoholic extract 
extract lug- 


75 

75 


7o 

75 


80 

80 

80 

80 


43-0 

41-8 


32-5 

34*0 

35*9 

29*1 

57*7 

61-6 


5-16 

6*20 

5-04 

8-50 

4*30 

5*20 

4*58 

10*30 

4*19 

9*00 

4*45 

8-20 

4*50 

9-20 

5-30 

9- 30 

5-50 

3- 80 
9-10 

4- 30 

10- 30 

4*35 

6*35 


8*25 

7-11 


7*10 

11*05 


8-36 

10-04 


1139-5 

326-9 

462-5 

382-2 

418-0 

529-0 

520-0 

513*0 

247*6 

104*8 

109-8 

182*0 


H2O 

extract 


21-1 

21*2 

22-2 

29-3 


NaOH 
extract 

(NH,).>C03. 

16*9 

18-2 

11*4 


NaoCOs 

extract 


13*5 
(NHOoSO,!. 
17-9 16*8 


Physical 

test 


4241 


Initial 

Pb. 


9-0 


20-5 

20*8 

19*8 

44*3 

62-1 

12*9 


21*5 

26-9 


13*3 

14-4 

12*2 

NaNOa. 

17-4 

19*3 

Water. 

10*5 

Peptone. 

15-2 

16*6 


220 


Caseinogeii. 

28*7 24-5 

27-2 19-4 

Urea. 

25*3 19*7 

19-0 8-7 

(NHJoSO^-fCaCOs. 

Ca(CN)2. 


11*6 t 
8*7 J 


10*6 

13*2 


5*5 


Mould tissue to give 1 % nitrogen. 
28*4 10*3 17*9 

Mould tissue to give 2 % nitrogen. 
36-9 10*0 20*3 


7164 

0 

1504 

2727 

2278 

2176 

4635 

2124 

5622 


Final 

Pb. 


8*0 


5*50 

5*75 

6*45 


H2O2 

extract 


20*2 


6*5 


6-35 10*0 


7*5 


7*5 


7*5 


14*5 


27*4 

16*3 

16*3 

15*8 

12*8 


8*2 

8-2 


piotein and otter microbial comtituents yhioh 

possibly also of mote gummy material trlu* teems to moiease, as mmo y 

the high stickiness with the physical test. decomposition. Alkaline 

The alkaline extracts dimimsh • ^ substances 

treatment extracts more water i extracted with alkali are 

in solution is precipitated by acid, ihe materials ex 

Biochein. 1933 xxvii 


m 
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practically of a similar nature to those obtained with hot water Extract' 
may vary with increasing concentration and nature of the alkali 1 o/ s^di 
hydroxide would extract to an appreciable extent, and on eomparins Z 
figures for sodium hydroxide and sodium carbonate extracts it is seen that tJi 
sodium hydroxide extract is nearly one and a half times the sodium carbouat! 
extract. The weight of the extracts increases as the stickiness increases * 
Of organic solvents only alcohol was found , to extract a certain fraction of 
manure and the humus from it. Alcoholic extracts are practically of thHamc 
order in each case. There is a tendency for the extract to increase with the deZe 
of decomposition. The sugar content or the extract from ammonium carbonate 
on an average is greater than that from ammonium sulphate or sodium nitrate 
The significance of extraction with hydrogen peroxide is discussed in detlu 
elsewhere [Shiihande, 1933], Much importance cannot be attached to the 
relationship between peroxide extract and stickiness. The nature of this extral 
tion differa from others m the sense that this solvent oxidises some of the de 
composed and synthesised material. AU extracts if plotted graphically against 
sti^ness give a straight Ime. In the rots with easeinogen there is an excention 
to the general order as mentioned above, all the extracts being disproporWtelv 
^eater. This may be due to the fact that less easeinogen is decomposed by thl 

The mitial was highest with ammonium carbonate and lowest with 
ammonium sulphate. Sodium nitrate which was practically neutral at the start 
^ve a final Fh of 10-0 The highest stickiness and decomposition warn oblted 

mth sodium mtrate and correspondingly lowest figures witLmmonium suS 

which mamtamed an acid reaction throughout. When, however, an equivalent 
amount of calcium carbonate was supphed to the ammonium sulphate rot df 
increased with an increase in stickiness. This leads to the concision 
associated with alkaline conditions. This may mean 
mther that the organisms responsible for stickiness are favoured by an Saline 
medium, that there is a modification of the flora with the change in 
mental conditions or that the manifestation of the propertf of sticta fr 
enhanced by alkalme conditions. The p-^ with all the three OTo-anic sources of 

wie°1)TtSn?d''°Tffi^^^ figures for stickiness 

x‘i* !.• high with sodium nitrate is no doubt due tn 

utfiisation of mtrate-lSr leaving excess of base. The slight lowerino- of n with 


Table IV. extracts with physical teat for sUckineaa 

of draws rotted by mixed floras with availabU nitrogeri as 

different temperatures. 

Expressed on 100 g. dry manure. 


and final values 
urea and NaNOs 


Temp. 


Source 
of H 
Urea 

Urea 

NaNOg 

Urea 

NaNOg 

Urea 

NaNOg 


Loss of 

D.M. 

7-2 

12-3 

40*6 

30-2 

33-0 

52-5 

58*2 

40*9 


Physical 
test (g.) 

414 

2610 

5020 

3678 

2278 

7164 

3650 

7875 


Final 

Pb : 

7 - 8 
9-0 

8 - 0 
9-5 
7-5 

10-0 

8*5 

10-0 


Water 

extract 

17-1 

23*2 

29-6 

31-8 

25-3 

44-3 

38-7 

47-5 


NagCOg 

extract 

7 - 7 
5-2 

11-9 

8 - 5 

11-6 

15-5 

18-1 

18-4 


NaOH 

extract 

13-2 

10-5 

16-0 

17-5 

19*7 

19-3 

19-8 

22*3 
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Series (c) and (d). Variation in temperature with urea and sodkm nitrate as 
sources of nitrogen. Table IV contains results of extraction, final and stickiness 
on samples of straws obtained as indicated above. 

Tiie losses of dry matter seem to increase with the increase in temperature. 
At 15° the decomposition is very poor in both cases, though sodium nitrate gives 
double that of urea. The decomposition obtained with urea at 25° is more than 
that at 35°. At 45° urea gives a decomposition of 58 % , which is much more than 
with sodium nitrate. These variations clearly indicate the different nature of the 
flora working at the different temperatures. The final p^ for urea varies between 
7*8 at 15° and 8-5 at 45°. Similarly the p^ with sodium nitrate has increased 
from 9*0 at 15° to 10*0 at 45°. The initial p^ values were 645 and 6-35 
respectively. 

Stickiness. Even with a very small decomposition sodium nitrate produces 
quite an appreciable amount of sticldness, which increases -with the rise in 
temperature. The maximum stickiness with urea as a source of nitrogen is 
produced at 25°. 

Series (e). Degree of decomposition at 35° with sodium nitrate as the source of 
nitrogen. Table V indicates the relationship observed between the stickiness of 
the manure and the degree of decomposition when sodium nitrate was supplied 

Table V. Effect on the production of stickiness of modification of the 
and the degree of decomposition. 

Physical test in g. 


Time 

Loss of 


On 


2 :f-^ adjusted 


ill 

D.M. 

On 

original 

Final 

f 

-j- ^ 

On 

days 

0/ 

/O 

manure 

straw 

Pn 

To 

With 

manure 

8 

4-7 

2050 

1954 

8-0 

9-5 

Ka^COg 

3868 






[9-5 

Na.,C 03 

5521 






l9-5 

ILCOg 

5123 

16 

23*1 

4020 

3903 

9-0 

jS'O 

h:so4 

3648 






(5*5 

H,S 04 

2305 

24 

32-2 

7834 

5310 

9*5 

— 

— 

— 






fS -0 

HOS04 

5991 

32 

34-8 

8161 

5320 

9-5 

• 7-0 

1 LS 04 

4538 






,5*5 

h:;so4 

3410 


as the source of nitrogen. The physical test increases markedly as decomposition 
proceeds. There was, however, a possibility that this might be an efiect of the 
changing reaction of the rot, which becomes progressively more alkaline and 
reaches finally a p^ of 9*5. To investigate this point the samples after 8 and 
16 days' decomposition were adjusted to the final pj^ of 9*5 by addition of sodium 
carbonate. This had the effect of increasing the figures for the physical test very 
appreciably, but not so much that they approached the level obtained at this 
V'K longer periods of decomposition. There is therefore a direct relationship 
between the degree of decomposition of a manure and its stickiness, even when 
all the changes in. the reaction have been taken into account. This point is niore 
clearly brought out when the physical test is recalculated on a basis of original 
straw. The stickiness increased till the 24tii day, after which further loss of 
organic matter was not accompanied by further production of apparent sticky 
material. 

Further to demonstrate the effect of reaction, samples rotted for 32 days, 
having achieved the very high degree of stickiness indicated by a physical test of 
8161 g., were acidified and the p-^ reduced to 8-0, 7*0 and 5*5. This had the effect 

98—2 
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of lowering the stickiness to 5970 g., 4538 g. and 3410 g. respectively. Similar 
adjustments of the pw sodium carbonate, potassium carbonate and 
sulphuric acid were made with the sample rotted for 16 days. These experiments 
mdicate that the stickiness varies directly with the pg within the limits tested 
The relation between stickiness and reaction is represented graphically in Pio- 3 ' 


6000 


7000 


6000 


5000 


g 4000 


3000 


2000 h 


1 1 1— — I 1 I t > f 

5-0 5-5 6*0 6-5 7-0 7-5 8-0 8-5 9*0 9*5 10-0 

Pn 

Kg. 3. RGlationsIiip betweGii stickiness and reaction. 

□ Initial point. _ _> Changes due to alteration in pjg. 


- JSTaNOg 30 days. 


- Urea 30 days. 

- - - - NaNOg 8 days. 


NaNOg 16 days. 

0 / at 10-0 independently of the source of nitrogen. 
lable VI deals witli the effect on stickiness of the initiai reaction of the material 

undergoing decomposition. Various sources of nitrogen were supplied and the 

Table VI. Effect of the initial p^ on the production of stickiness. 


Source of IST 
Peptone 
Peptone 

Mould tissue as 1 % N 
*Mould tissue as 1 % N 

Mould tissue as 2 % N 
Mould tissue as 2 % N 
Urea 


Urea 


Initial 
brought to 
10*0 with 

MgCOj 

MgCOs 

NagCOg 

MgCOg 

NagCOg 

CaCOst 

(Ph:9-0) 

Ma.>G03 


Final p^ 

8-0 

8*5 

8*0 

8*0 

8*0 

8*5 

8*0 

8*5 


Loss 
of D.M. 
0 / 

/o 

35*3 

49*0 

37*0 

52*2 

50*3 

56*5 

39*0 

42*3 


Physical test 


3938 

6490 

4789 

4114 

4863 

5349 

3991 

6001 


* Water-logged. f Final jjp brought to 10-0 by adding jS[a,CO,. 

btickiuess then equals 5620 g. “ 

T magnesium carbonate in one series 

the hiahesT Jr'® reaction was chosen because 

with obtamed for stickmess was found in a rot supplied 

TOth sodium nitrate which had attained finally that high degree of alkahSitv 

Jr r somewhat, those with 

drJ Tatter and carbonate. The losses of 

loff • ^ ^ ^^^ickiness obtained were however invariably greater in the 

htte, senes. It „ dear that if tots ate adjusted initially tol hSi degTee of 
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alkalinity the manure resulting is stickier than that which is usually obtained. 
Furthermore it appears that, given the correct pjj, sodium or potassium ions are 
more favourable than are calcium and magnesium. 

The ejfect of sticky manure on soils. 

Three soils of different composition were selected, a Rothamsted soil which 
owing to a high clay content is very heavy, a Woburn and a Cheshire soil, 
both of which are light, but the former more sandy. Two grams of the soil 
sample were mixed as uniformly as possible with one gram of the sticky manure 
and made into a paste with water. The dry matter of the mixed sample was 
adjusted to about 50 % . The physical test was carried out on one gram of this 
mixture as in the case of manures. Stickiness of the soils when wet and after 
drying was also determined to compare with the figures after mixing them with 
the sticky manure. The following table contains these figures. 

Physical test in g. 



r 


When mixed 




with manure 

Soil 

Wet 

Dried 

and dried 

Rotliamsted 

431 

924 

947 

Cliesliire 

0 

424 

829 

Woburn 

0 

214 

686 


There is therefore a definite increase in the stickiness of light soils on mixing 

with such a manure. 

The nature of the mucus. 

Attempts to extract the sticky constituents of the manure with ^ different 
solvents give unsatisfactory^- results. The usual method of precipitating gums 
from water and mildly alkaline extracts with absolute alcohol and Fehling’s 
solution was also tried without success. 

A sodium nitrate rot with mixed flora, which was definitely sticky to the 
touch and markedly so by the physical test, was extracted with cold water. The 
extract was colloidal. It was filtered twice through glass wool and finally through 
a filter-paper under suction. The extract was then precipitated with a few drops 
of HCL The precipitate was coagulated by gentle heating on a hot plate and 
then filtered on a Buchner funnel. A very small fraction of this mixed with 1 g. 
of dry oat straw proved to be quite sticky. On drying the precipitate became 
very hard and gritty and lost its binding properties in part. Having thus 
established that the above precipitate contains a sticky constituent both when 
wet and dry, the following analytical figures are obtained on the extract. 


Water extract 

Physical test for stickiness with 1 g. of the 
wet manure 

Physical test with the wet extract 
Physical test with the extract dried and 

then re -moistened 

On hydrolysis with 3 % H2SO4 for 5 hours 

Apparent anliydroglucose 

Aiihydropectose 

Protein 

Ash 

Total 


9*86 % on dry matter 

4880 g. 

2o55 g. 

1575 g. 

52*04 % 

2*46 % 

21*50 % 

3’20 % 

79*20 % 



REFERENCES. 

Eouyoucos (1932). Soil Sci. 34, 393. 

Engberding (1909). Zentr. Bakt. Par. Abstr. 2, 23, 569 
Hutchinson and Clayton (1919). J. Agric. Sci. 9, 143 
Kachinski (1930). 2nd Int. Cong. Soil Sci. 1, 129. 
Norman (1929). Biochem. J. 23, 1353. 

Rege (1927). Ann. Appl. Biol. 14, 1. 

Shrikhande (1933). Soil Sci. 35, 221. 

Waksman (1928). Soil Sci. 26, 165. 


1562 J. G. SHRIKHANDE 


1. The conditions under which stickiness is produced in decomposing plant 
materials and manures have been investigated and some information obtained as 
to the nature of the substances contributing this property. 

2. A physical test for evaluatmg the property of stickiness in manures has 

been described. 

3. In the presence of a mixed natural flora, the chief factors involved in 
causing stickiness in decomposing straw are the source of nitrogen supplied the 
uutial ^d final reactions of the material and the degree of decomposition. ’ 

4. High values for sticldness are given with either sodium nitrate or mould 

tissues as the sources of nitrogen. This suggests that an alkaline reaction and 
an abimdance of microbial tissue are essential in the production of stickiness 
durmg decomposition by mixed flora. ^^i^mess 

a. The final reaction of the manure profomidly influences the decree of 
stickmess if at all appreciable. A of 9-5 to 10-0, whether obtaiiied bv 
fermentation or by subsequent adjustment, seems to give the maximum stickmess 
bodmm or potassium ions produce more stickiness than calcium or macmesium’ 


The author is mdebted to Sir John Russell, Director of the Rothamsted 
w® at his disposal the facUities of the Station, 

^®™®^^ation Department, for suggesting 
the problem and for mvaluable advice and criticism. Thanks are due to Dr A. 
Borman for his assistance and suggestions, and to Mr Scott Blair, of the Physics 
Department, for criticismg the physical test. 


After acid hydrolysis the extract reduced Fehling’s solution and gave 
SelivanofF’s test for fructose. On oxidation of a portion with concentrated ifitric 
acid a precipitate was obtained consisting of colourless plates and micro-sandv 
crystals. The crystals were separated by shaking up with hot alcohol in which 
the plates dissolved. The insoluble residue had m.p. over 200°, and when distilled 
with cone. HCl yielded furfuraldehyde indicatuig the presence of mucic acid 
The extract appears therefore to be a mixture of carbohydrates and proteins 
and no doubt in part consists of material extracted from the elaborated 
microbial tissue. The carbohydrate portion of the extract seems to consist laro-elv 
of galactan, though indications have been obtained also of the presence of uronio 
acids and a little pentose. 


Summary. 



By JAGESHWAR GOPAL SHRIKHANDB. 

From the Fermentation Department, Eothamsted Experimental Station, 

{Received J^dy 27th, 1933.) 

The procluction of stickiness during the process of decomposition of cellulosic 
materials has been attributed by Hutchinson and Clayton [1919] to the activity 
of soil organisms such as Spirochaeta cytophaga. Since the time of Mitseherlich 
[1850] bacteria were considered to he the chief agents in the natural decomposi- 
tion of plant materials until Konig [1904] suggested the greater importance of 
fungi. McBetli and Scales [1913] and Scales [1915] found fungi to be capable of 
using cellulose as the sole source of energy. It has been shown by Waksman [1926] 
and later confomed by Norman [1929] that in the presence of sufficient available 
nitrogen, cellulose is the chief constituent to be decomposed. Waksman [1924] 
and Rege [1927] have shown that fungi are mainly responsible for the decom- 
position especially during the early stages. 

Norman [1931] has studied the nitrogen transformations and changes in the 
carbohydrate constituents with pure cultures of fungi but no such study has so 
far been made of the subsequent action of bacteria after fungal attack, or of the 
simultaneous action of a bacterium with that of a fungus. Apart from the study 
of stickiness produced during decomposition, it was thought worth while to follow 
the ammonification and nitrogen changes and the losses in carbohydrate con- 
stituents at different stages of decomposition. 

The work described in this paper was carried out in order to test whether 
mucus is produced during decomposition of straw with pure cultures of organisms. 
Straw was therefore decomposed with selected fungi, fungi and bacteria and 
bacteria alone. Analyses of the different constituents were made in order to find 
any correlation between the rates of their decomposition and the formation of 
mucus. The amount of mucus produced was measured by the physical test 
described in Part I [1933]. 

Scheme of work. 

( 1 ) Oat straw was rotted with pure cultures of fungi at 35*^ with ammonium 
carbonate as source of nitrogen and analysed at intervals of 8, 16, 24 and 48 days. 

(2) Straw was rotted with pure cultures of bacteria: (i) Mycobacterium- 
agreste, (ii) Spirochaeta cytophaga, and analysed at intervals of 8, 16, 24 and 
48 days to see if any bacterium which, like the latter, produces a gummy colony 
on an artificial medium would produce stickiness in straw, 

(3) Straw was rotted first for 48 days with fungi alone : (a) and then inoculated 
with ilf. agreste and analysed on the 8th, 16th, 24th and 48th days after inocula- 
tion; (b) as (a) but with the substitution of S, cytophaga for M. agreste. 

^ Ttis paper is an abridged form of part of a thesis approved for the Degree of Doctor of 
Philosophy in the University of London. 
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(4) Straw was rotted with a fungus progressivelv and fhAr. ^ x i 

& on to sa,. 16th, 24th L «th 1™ «<i“^iZtt tfl 

40th days after inoculation with the latter. “ on the 8th and 

(5) Straw was rotted simultaneously with fungus and S! 

analysed on the 8th, 16th, 24th and 48th days! ^ cytopMga and 


Methods, 

Weighed quantities of straw were bottled and sterilised in an autoclave unde. 

consecutive days. The treaZZ f 

undoubtedly drastic yet it is necessary for complete sterilise fin?! a ' i 

applied a. atoile ammonL. aaaZit to Sf i' 

pet lOOg etraw and the moiatoe ,aa adjmted at about A fi®' 

moeulum of a suspension of the spores of the required ora’anism in^fn ^ ^ x 
was then added to each bottle. Platings were made at the end nf ri, * 
to tost to purity of to „tgato». ifnjl ZZtotu ™ oZXSZ 
m mst tuaes. amoe to stra* was oharaoteristically ooioured by to’^res of to 

agar touts iu WahsmauZedtauT SrZoStioZbl,”'" »« 

afi»4 and m dl to espsrimenls described below cultutel OTe wlrkoKm 

Estimations of ammonia-N, total N extraction Avifh on o/ „i r, i 
-ue..t with hydrogen peroaide Wre Z ^iXt 7“ *"'* ‘'”“- 

alcohol. The phloroglucide precipitate was not extracted with 

(2) Cellulose was estimated by Jenkins’s method [19301. 

FurfnralMiyde in cellulose was determined as in (1) 

iudSrftofuSLZtoi^zronto^^^^ 

complexes by micro-orgaS the synthesis of new 

the Ltual aLunTof Sri dtom^^^^^^^ " considerable extent 

determinations would indicate how much of the lossIn’^iT furfuraldehyde 
sented by the loss in ceUulose and hemicelluloses. matter is repre- 

vdth'LlIubS^OTTsfurteJ’S'rWH^^^ polysaccharide associated 

and the hemicelLloses ar? the “eellulosan,” 

material. The cellulose as isolated eif^ °hmf poups of biologically available 
method or by the Jenkins hvnnelil ^ ^xi^ Cross and Sevan chlorination 
cellulosan. This eellulosan geneSlv 7 y^®thod is always associated with 
straw it is xylan arpt'd S>97'^Kt" 1 7 

obtuirnd by SX toZrito „L^Tr-T T.l” ““ '>« 

of cellulose and the xvlan assnein+X is found that the decompositions 

units in the he^ellulo esca^^^^^^^^ A figure for^entose 

basis of 100 g. of dryTtrw^and*int^^7 below are calculated on a 

ciated with ceUulose and pentose in STceUuIos^ 
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Experimental, 


The same, sample of oat straw was used tliroiigliout these experiments with 
pure cultures of organisms. 


Ash • 

Total N 

Total furfuraldeliyde 

“True” cellulose 

Furfuraldeliyde on Jenkins’s cellulose product 

Xylan associated with cellulose 

Furfuraldeliyde due to pentose in polyuronides 
Alcohol extract 


9*04 

0-35 

15*6 

41-0 

7*0 

10*8 

8*6 

3*46 


Series I (Tables I and II). 

SticMness. No stickiness was observed with aii}?' fungi used for decomposi- 
tion. 

Carbohydrate constituents. Table I contains analyses of these constituents. 
Acremoniella sp. appears to be the most active fungus as judged from the loss of 
dry matter at the end of 48 days. T. lignormn seems to be the least active. The 
losses obtained follow practically the same order as those recorded by Nornian 
[1931], In general the liemicelliiloses suffer a loss of about 60 % during 48 days. 
The hemicelluloses appear to decompose rapidly in the first few days and then 
remain at much the same level while the cellulose is being decomposed. On the 
whole it is obvious that the major part of the lost carbonaceous material is 
accounted for by the cellulose which is a more abundant food and energy source 
for the micro-organisms than the hemicelMoses. 

Table I. Decomposition of straws by various fungi at 36° at different 

intervals. 


Fungus 

A ere . oUvaespora 


A. nidulans 


A. terreus 


A. niger 


T. lignoTum 


days 

8 

16 

24 

48 

8 

16 

24 

48 

8 

16 

24 

48 

8 

16 

24 

48 

8 

16 

24 

48 


Expressed > 

on 100 g. original straw. 

Furfuraldehyde 
from pentose 

Loss of 

Loss of fiir- 
fiiraldeh,yde 
from non.- 

in Loss of 

groups not 
in cellulose 

“True” 

“true” 

celluiosic 

; d.m: 

cellulose 

cellulose 

constituents 

10*9 

6*37 

36*90 

4*1 

2*23 

21*2 

5*19 

27*81 

13*1 

3-41 

28*1 

4*56 

23*65 

17*3 

4*04 

41*2 

3*32 

16*17 

24*8 

5*28 

9*2 

7*04 

38*85 

2*1 

1*56 

15*6 

6-01 

35*64 

5*3 

2*59 

31*5 

3*87 

22*42 

18*5 

4*73 

38*9 

3*23 

17*02 

23*9 

5*37 

11*0 

6-98 

37*66 

3*3 

1*62 

15*9 

0*22 

31*23 

9*7 

3*38 

31*9 

4*66 

24*09 

16*9 

3*94 

34*6 

4*01 

19*88 

21*1 

4*59 

11*2 

4*98 

37*37 

2*6 

3*62 

15*8 

5*38 

34*27 

7*1 ' 

3*22 

23*1 

4*86 

26*25 

14*7 

3*74 

34-1 

3*67 

23*13 

17*8 

4*93 

; 9*3 

4*23 

38*29 

2*7 

4*37 

1 16*0 

5*08 

35*08 

5*9 

2*80 

24*4 

5*02 

27*82 

13*1 

3*58 

i 29*0 

4*17 

23*36 

16-6 

4*43 
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Expressed on 100 g. original straw. 


Fungus 

Aore^ oUvmspora 


A. nidulam 


A, tenms 


A . %iger 

T, lignorum 


Time in 

Loss of 

Total 

Organic 


days 

D.M. 

N 

N 

factor 

8 

10-9 

1-37 

0-98 

0-63 

16 

21*2 

1-32 

1-29 

0-93 

24 

28*1 

1*24 

1-21 

0-85 

48 

41*2 

1*19 

1-17 

0-84 

8 

9*2 

M4 

0-62 

0-27 

16 

15*6 

0-92 

0-72 

0-37 

24 

31*5 

0*94 

0-92 

0-56 

48 

38*9 

M2 

1-09 

0-73 

8 

11-0 

1*22 

0-75 

0-40 

16 

15-9 

1*12 

0-99 

0-64 

24 

31-9 

0*85 

0-82 

0-51 

48 

34-6 

1*02 

1-01 

0-66 

8 

11-2 

1*20 

0-82 

0-46 

16 

15-8 

1-11 

1*03 

0-65 

24 

23-1 

1-24 

1-22 

0-86 

48 

34*1 

1-02 

1*02 

0-86 

8 

9-3 

1-23 

0*86 

0-50 

16 

16-0 

1-09 

0*93 

0-65 

24 

24-4 

1-25 

1*24 

0-88 

48 

29-0 

1-25 

1*24 

1-01 


equiv. 

5-7 

4-4 

3*0 

2-0 

2-9 

2 - 3 
1-8 
1-8 

3- 7 

4- 0 
1-6 

1- 9 

4-1 

4- 1 

3- 7 

2- 5 

5- 4 

4- 8 

3- 6 
3-4 


Nitrogen immobUisation. Prom Table II it can be seen that more than 50 0 / 

in t^eSTdavf organisms except A. nidulat 

m tJie test b days. The power of an organism in building up the microbial 

193irr/i ' from the nitrogen factor [Richard^ andCmte 

1931], r. hgnorum seems to be the best from the point of view of nitrogen 

nTtmie? riidulans the poorest. Norman [1931] also recorded a low 

mtiogen factor for A. mdulans compared with A. niger and A terreus As 

trSTcsfelcSte [Norman, 1931] A. mdulans seems to be 

me most etecient and Tnchoderma the least. A. niger differs markedly from 

Tr'^T'^n ■ belonging to the same genus. ^ 

Serrn^ II (Tables III, IV and V). 

The'fitmes for organisms produce a neghgible amount of stickiness. 

lie fagures foi iS. cytophaga are contrary to expectation. Since it is an orc^aiiism 

also giTe a rotted product showing stickiness. 

fesif, afcoMm extracts and the H.Os treatment of straws 
rotted with fme cultures of bacteria at 35° at different intervals. 

Expressed on 100 g. dry manure. 


Bacterium 

cytopJiaga 

M, cigreste 


Time in 

Loss of 

Alcohol 

H 2 O 2 

extract 

days 

D.M.* 

extract 

8 

7-5 

8-40 

7-0 

16 

12-2 

6-87 

10-1 

24 

48 

13-0 

7-48 

13-9 

Infected 

8 

4-8 

7*05 

13-7 

16 

8-5 

7-41 

12-1 

24 

48 

14-2 

7*51 

9-7 

Infected 


* On 

100 g. original straw. 


Loss of O.M. 
after HgOg 
treatment 

10-1 

11 - 4 
11*4 

12 - 6 
11*4 
13*8 


Physical 

test 

(g.) 

108-6 

108-2 

212-3 

101-3 

0-0 

334-1 


Table II. Nitrogen content of sffaws rotted by pure cultures of fungi at 

35^ at different intervals. 
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Extractions with alcohol and hydrogen peroxide (Table III). On an average the 
alcoholic extract is the same for both of the organisms with no further change in 
the degree of decomposition. There is an increase in the hydrogen peroxide 
extract with 8. cytophaga whereas the order is reversed with M. agreste. 

Carbohydrate constituents (Table IV). The decomposition is practically of the 
same order with both the organisms at the end of 24 days. The bottles for the 
48th day were infected and hence rejected. The cellulose lost with Mycobac- 
terium is nearly one and a half times that destroyed by Spirochaeta. This was 

Table IV. Decomposition of straw by bacteria at 35° at different intervals. 
Expressed on 100 g. original straw- 

Loss of fiir- 
fnraldelijT-de 
from non- 
cellnlosic 
constituents 

3-00 
2*59 
3*29 


Bacterium 
S, cytophaga 


M. agreste 


Time in 

Loss of 

Furfuraldehyde 
from pentose 
groups not 
in cellulose 

‘‘True” 

Loss of 
‘‘ true ” 

days 

D.M. 

cellulose 

cellulose 

8 

7*5 

5*60 

38*82 • 

2*1 

16 

12*2 

6-11 

36*76 

4-2 

24 

13*0 

5*31 

36*29 

4*7 

48 

8 

4*8 

6-06 

Infected 

39*14 

1*8 

16 

8*5 

6-02 

36*43 

4*5 

24 

14*2 

5*95 

34*31 

6*6 

48 



Infected 



2-54: 

2-58 

2*65 


entirely unexpected, smce the former is not ordhiarily regarded as being a 
cellulose-decomposing organism and does not develop on a ceUiilose-agar plate, 
but, as pointed out by Norman [1930], the ability to utilise cellulose in the 
presence of other available carbohydrates is more common than is generally sup- 
posed. On the other hand Spirochaeta destroys hemicelluloses to a considerably 
greater extent than does Mycobacterium, Both organisms compare poorly with 

fungi in destructive action as regards organic matter. ^ 

Nitrogen immobilisation. The nitrogen figures are recorded in .Cable v« 
Mycobacterium builds up more microbial tissue than does Spirochaeta as seen 

Table V. Nitrogen content of straw rotted with pure cultures of bacteria 
at 35° at different intervals. 

Expressed on 100 g. original straw. 


Bacterium 

S, cytophaga 

Time in 
days 

8 

16 

24 

Loss of 

D.M. 

7*5 

12*2 

13*0 

Total N 
1*268 
1*000 
0*957 

Organic N 

0*75 

0*64 

0*80 

Infected 

N factor 

0*39 

0*29 

0*46 

yf equiv, 

5*2 

2*3 

3*5 

M. agreste 

8 

16 

24 

4*8 

8*5 

14*2 

1*290 

1*040 

1*180 

0*93 

0*66 

0*97 

Infected 

0*58 

0*30 

0*60 

11*8 

3*5 

4*2 


from the nitrogen factor. Compared with fungi, bacteria appear to be ranch 
slower in building up microbial protein. Spirochaeta consurnes more carbobyckate 
per g. of nitrogen than Mycobacterium as shown by the nitrogen equivalent. 
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Table VI. Decomposition of straw rotted first with pure cultures of funai fm- 
48 days and then %nocvMed with M. agreste and analysed at different intervals 

Expressed on 100 g. original straw. 

Eoss of fur- 
furaldeliyde 
from non- 
cellulosic 
constituents 


Fungus 
T. lignorum 


.,4. 7iiger 


A. nidiilans 


Acre, olivaespoi'a 


A, terreus 


Bays after 

Loss of 

from pentose 
groups not 

“True” 

Loss of 
“true” 

inoculation 

n.M. 

in cellulose 

cellulose 

cellulose 

8 

30-1 

3-52 

24-74 

16-2 

16 

44-5 

2-34 

12-92 

28-0 

24 

49-1 

2-46 

11-86 

29-1 

48 

39-0^ 

3-61 

21-14 

19-8 

8 

35-7 

3-74 

20-20 

20-8 

16 

42-0 

3-04 

15-99 

25-0 

24 

36-0 

3-63 

17-52 

23-4 

48 

41-0 

3-06 

17-70 

23-3 

8 

25-0 

4*39 

29-53 

11-4 

16 

28-0 

4-26 

27-38 

12-6 

24 

36-0 

2-94 

18-98 

22-0 

48 

38-7 

3-79 

20-96 

20-0 

8 

32-4 

4-06 

25-18 

15-8 

16 

43-3 

3-14 

16-48 

24-5 

24 

43-4 

2-94 

15-59 

25-4 

48 

44-5 

3-60 

18-32 

22-6 

8 

31-2 

3-57 

23-12 

17-8 

16 

36-9 

3*55 

19-00 

22-0 

24 

37-5 

3-91 

2M9 

19*8 

48 

39-7 

3-42 

19-81 

21-2 


5- 08 
6*26 

6- 14 
5-00 

4*86 

4-56 

4*97 

4-74 

4-21 

4- 34 

5- 66 
4*81 

4*54 

5-46 

5-66 

5*00 

5-03 

5-03 

4-69 

5*18 


Short of moisture. 


^ith pure cultures of fungi for 

48 days and then ^nocuUted wUh M. agreste and analysed at different interval 

Expressed on 100 g. original straw. 


Fungus 
T. lignorum 


A. 'niger 


x4 . nidulans 


Acre. oUvaespoj'a 


A. terreus 


Bays after 
inoculation 
8 

16 

24 

48 

8 

16 

24 

48 

8 

16 

24. 

48 

8 

16 

24 

48 

. 8 
16 
24 
48 


Loss of 

D,M. 

30*1 

44-5 

49-1 

39-0* 

35- 7 

42- 0 
38*0 
41-0 

25-0 

28-4 

36- 9 

38- 7 

32*4 

43*3 

43- 4 
44*5 

31-2 

36- 9 

37- 0 

39- 7 


Total N 

1-01 

1-22 

M4 

0-91 

1*08 

1*25 

0-95 

0-92 

0-97 

0-97 

116 

0- 97 

1 - 00 
1-25 
1-19 
MO 

1-06 

0-97 

0*87 

0-95 


Organic N N factor 


1-00 

1-21 

MO 

0-88 

1*06 

1-19 

0*94 

0-90 

0- 95 
0*96 

1- 14 
0-95 

0- 98 
M9 
M3 

1- 08 

1-05 

0-96 

0*86 

0-88 


0-58 

0-70 

0-77 

0-55 

0-72 

0-84 

0*67 

0-54 

0'62 

0-60 

0-80 

0-60 

0-70 

0*84 

0-82 

0‘73 

0-69 

0-59 

0-51 

0-53 


N equiv. 
3*3 

I’O 

1-5 

1- 4 

2 - 0 
2-0 
1-7 

1- 3 

2- 5 
2-1 
2-1 

1- 5 

2 - 1 

1- 9 
1*9 
1-6 

2 - 2 
1-6 
1-3 
1-3 


Short of moisture. 
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Series III {a) (Tables VI and VII). 

Stickiness. The rots showed no stickiness, indicating that M. agreste is 
unable to synthesise sticky material even after acting upon the elaborated 
fungal tissue. 

Carbohydrate constituents (Table VI). M. agreste following upon Trichoderma 
gives the best decomposition and a loss of 49*1 % organic matter in only 24 days. 
The losses with the Aspergilli are practically of the same order. The rate of 
decomposition in the first eight da^^s after inoculation with all the fungi is 
greater than in any subsequent periods. The average loss of cellulose with 
Mycobacterium following upon the five different fungi ranges from 20 to 23 % . 
Further decomposition does not affect the pentose unassociated with cellulose 
showing that all the available pentoses have aheady been removed by the 
fungi. 

Nitrogen immobilisation (Table VII). With Mycobacterium following on each 
of the fungi, there is a drop in the nitrogen factor after the 16th day in general, 
which is due to the ammonification or as it is termed by Jensen [1929] the 
^hnineralisation’’ of a portion of the fungal protein. 

Series III (b) (Tables VIII, IX and X). 

Stickiness. The results for stickiness are given in Table VIII and are highly 
significant. No stickiness was found with fungi on the 48tli day, but by the 
subsequent action of 8 . cytogihaga for 8 days only, the puli recjuired to separate 


Table VIII. Physical test, alcohol extracts and the H 2 O 2 treatment of straws rotted 
first with pure culHires of fungi and then inoculated with S. cytophaga and 
analysed at different intervals. 



Days after 

Expressed on 100 g. dry 

Loss of Alcohol 

manure. 

H0O2 

Loss of 
o.M. with 

Physical 

test 

Fungus 

inoculation 

D.M. 

extract 

extract 

H2O2 

(g-) 

T. lignomm 

8 

39*2 

10-50 

13-1 

22-0 

3495 

16 

39-7 

8-50 

12-1 

22-3 

6435 


24 

42-6 

8-87 

12-8 

23-0 

3958 


48 

57-7 

12-20 

29-0 

26-0 

6550 

A . niger 

8 

41-4 

9-90 

13-3 

24-7 

6305 

16 

45-0 

8-90 

17-5 

25-6 

4242 


24 

46-0 

10-20 

26-6 

24-7 

7134 


48 

48-3 

9-20 

24-7 

25-0 

6145 

4 . nidulms 

8 

35-8 

8-80 

11-7 

22-8 

5197 

16 

41-2 

8-60 

16-8 

26-2 

6796 


24 

43.4 

9-04 

13-8 

30-0 

5869 


48 

43-5 

9-05 

22-8 

22-0 

5290 

Acre. oUvaespora 8 

43*1 

9-14 

13-3 

24-0 

4425 


16 

43*2 

8-02 

13-8 

23-2 

7866 


24 

45-0 

8-56 

21-0 

25-0 

4995 


48 

46-3 

7-64 

15-0 

25-0 

6904 

A . terreus 

8 

37*0 

7-64 

14-2 

23-7 

6439 

16 

41-9 

7-90 

11-8 

26-4 

5970 


24 

45'4 

7-64 

15-0 

25-0 

8386 


48 

51*3 

7-82 

26-4 

25-0 

6442 


The final p^ of all the samples was between 7-0 and 7-5. 


the two plates was at once raised by from 3 to 6 kg. varying with the nature of the 
fungus. This obviously means that Spirochaeta has synthesised some orpnic 
matter which is responsible for the stickiness. Since it was observed in Series II 
that Spirochaeta alone could hardly produce any stickiness, one is iiatiiraily led 
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to believe that the sticky material has some relation to the previous action of the 
fungus. A.g&m,MyMbactenumdid not produce any stickiness even after a previous 
fungal decomposition, suggesting that the production of stickiness has also some 
relation to the nature of the bacterium taking part in the decomposition 

Extractions by alcohol and hydrogen peroxide (Table VIII). The averages for 
the alcohol extracts differ in each case, the maximum being 10 % with 
cJmeta following on Trichoder^ and 7-7 % on A. terreus. These fio-ures are 
interesting when compared with stickiness. The maximum stickiness obtained is 
with the latter combination, whereas the former gives the least. On the whole 
the aleohohc extracts are greater than those with Mycobacterium The hio-her 
solubility of the sticky material in alcohol indicates its possible non-o-ummv 
and non-dextrin nature. The losses of organic matter on treatment with 
peroxide are m general proportional to the losses in dry matter. 

Catbohydrale constituents (Table IX). Greatest decomposition is obtained bv 
EpirocMeta following on TricTwdenna and A. terreus and amounts to 51-7 and 
51 -3 % respectively. In these two cases there is a big jump in the loss of dry 

Table IX. Decomposition of straws rotted first with pure cultures of funqi for 
46 days and then inoculated with S. cytophaga and analysed at different intervals. 

Expressed on 100 g. original straw. 


Fungus 
T. lignorum 


A . 7iiger 


A . nidulaiis 


Acre, olivaespora 


-.4, terreus 






Loss of fur- 

Days after 

Loss of 

Furfuraldehyde 
from pentose 
groups not “True” 

furaldeiiyde 
from non- 
cellulosic 

inoculation d.m. 

in cellulose 

cellulose 

constituents 

8 

39-2 

3*16 

14*61 

5*24 

16 

39*7 

3*06 

18*26 

5*54 

24 

42*6 

3*17 

14*89 

5*43 

48 

51*7 

2*21 

10*58 

6*39 

8 

41*4 

2*88 

14*57 

5*72 

16 

45*0 

2*44 

13*78 

6*16 

24 

46*0 

2*56 

13*52 

6*04 

48 

48*3 

2*39 

12*03 

6*21 

8 

35*8 

3*88 

18*46 

4*72 

16 

41*2 

2*89 

13*65 

5*71 

24 

43*4 

3*09 

16*28 

5*51 

48 

43*5 

2*94 

13*89 

5*66 

8 

43*1 

2*86 

13*79 

5*74 

16 

43*2 

3*41 

15*85 

5*19 

24 

45*0 

2*66 

13*42 

5*94 

48 

46*3 

2*20 

13*06 

6*40 

8 

37*5 

3*15 ■ 

16*45 

5*45 

16 

41*9 

2*86 

14*61 

5*74 

24 

48 

45*4 

2*20 

13*74 

6*40 

51*3 

2*06 

12*58 

6*54 


butS’thl^^®^ inoculation with Spirochaeta, 

11^1 remamder the decomposition appears to be steady. The average 

5 ptaotioaUy tte same. These losSs are not 
. ^ifieantly higher than those given by fungi alone at the end of 48 days 
nlieatmg that no available hemiceUuloses are left after fungus action. 

tta^v^th “^-rked with Spiroclmeta 

unit of nhSp? appears more efficient than the latter per 

unit of mtrogen as judged by the nitrogen equivalent. ^ 
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Table X. Nitrogen content of straws rotted first with fungi for 48 days and 
then inoculated with S. cytophaga and analysed at different intervals. 

Expressed on 100 g. original straw. 



Days after 

Loss of 





, Fungus 

inoculation 

D.M. 

Total X ' 

Organic X 

X factor 

X equiv. 

T. lignormn 

8 

39-2 

1-26 

1-24 

0*89 

2-2 

16 

39-7 

M3 

Ml 

0-77 

1-8 


24 

42-6 

MO 

1-08 

0-73 

1-7 


48 

51-7 

1-12 

1*09 

0-74 

1-4 

*4« nigQT 

8 

41-4 

1-35 

1-30 

0-96 

2-3 

16 

45-0 

1-24 

MS 

0-82 

1-8 


24 

46-0 

1-26 

M8 

0-83 

1-8 


48 

48*3 

1-20 

111 

0-76 

i-5 

A . nidiilans 

8 

35-8 

1*22 

1*20 

0-91 

2-5 


16 

41-2 

1*39 

1-31 

0-84 

2-0 


24 

43*4 

M4 

1-12 

0-77 

1-7 


48 

43'0 

M6 

M3 

0-80 

1-8 

Acre. oUvaespora 

8 

43-1 

1*31 

1-23 

0-95 

2-1' 


16 

43-2 

M5 

Ml 

0-78 

1-8 


24 

45-0 

M3 

1-10 

0-76 

1-7 


48 

46-3 

1*25 

1-23 

0-82 

1-7 

A. terreus 

8 

37-5 

1*34 

1-27 

0-99 

2-6 


16 

41-9 

1-28 

L25 

0-85 

2-0 


24 

45-4 

1*23 

M9 

0-84 

1-7 


48 

51-3 

1-20 

M7 

0-81 

1-6 





Series IV (Tables XI and XII). 

Stichiness (Table XI). Pungi alone produce no stickiness, but it develops as 
soon as S. cytophaga is inoculated even when the fungus had a start of only a' 
week. This further emphasises the necessity of the presence of fungal tissue for 


Table XI. Decomposition of straw rotted first with fungus for different periods 
and then inoculated with S. cytophaga and analysed on the 8th and 40th days 


after inoculation. 

Days of 
fmiffus 

Expressed on 100 g. original straw. 

Furfuraldehyde 

from pentose Loss of 

Loss of groups not “True” “true” 

Loss of fur- 
fural dehyde 
from non- 
ceiliilosic 

Physical 

test 

Organism 

action 

D.M. 

ill cellulose 

cellulose 

cellulose 

constituents 

(g-) 

T. lignoTum 

8 

27-8 

4-27 

23-52 

17-4 

3-33 

3771 

"h 

16 

36-5 

2-93 

16-60 

24-4 

5-67 

4452 

8. cytophaga 

24 

37-6 

3-36 

14-10 

26-9 

5-24 

4735 

for 8 days 

48 

48-5 

2-18 

9-30 

31-7 

6-42 

4143 

T. lignormn 

8 

46-2 

2-74 

10-24 

30-7 

5-86 

5196 

T- 

16 

47-9 

2-32 

9-45 

31-5 

6-28 

1998 

8. cytophaga 

24 

48-9 

1-76 

10*03 

30-9 

6-94 

1880 

for 40 days 

48 

54-9 

1-36 

7-97 

33-0 

7-24 

2077 


the production of stickiness. The stickiness was practically constant at about 
4275 g. when Spirochaeta acted for only 8 days whereas it varied considerably 
when it acted for 40 days. 

Carbohydrate constituents (Table XI). By comparing the figures in Series I 
for losses in dry matter with those of Trichoderma alone in Table I an estimate 
can be obtained as to the further decomposition due to Spirochaeta in coiij unction 
with the fungus. For instance, the fungus working alone decomposed 16 % of 
dry matter in 16 days, whereas if working in association with the bacterium for 
the second 8 days, i,e, a total of 16 days, a decomposition of 27 %■ was obtained. 
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Obviously this extra loss must be ascribed to the action of the bacterium For 
48 days with the fungus and 8 days with the bacterium the decompoktion 
amounted to 48 % , which is very close to that obtained with the fungus foi- 
ls daj-s and the bacterium for 40 days. The loss of dry matter for 48 days with 
the fungus and 40 days with the bacterium is about 55 % , which compares well 
with 51 % obtained in Series III (6) for a total period of 96 days. The losses in 
carbohydrate constituents run parallel with the losses in dry matter. 

Nitrogen immobilisation (Table XII). The increase in ammonification with 
the period of mcubation explains the drop in the nitrogen factor. SpirocJiaeta 


Table XII. Nitrogen content of straws rotted first ivitJi fungus for different periods 
and then analysed on the 8th and 40th days after inoculation with S. cytophaga. 




Expressed on 100 g. original straw. 




Days of 







fungus 

Loss of 





Organism 

action 

D.M. 

Total N 

Organic N 

E" factor 

N equiv. 

T. lignorum 

8 

27-8 

1-49 

1-45 

1-09 

3-9 

H" 

16 

36-5 

1-36 

1-21 

0-86 

9.Q 

8. cytopha.ga 

24 

37-6 

1-32 

1-18 

0-82 

^ o 

2*2 

for 8 days 

48 

48-5 

1-29 

1-23 

0-89 

l-S 

T. lignorum 

8 

46-2 

1-33 

1-30 

0-94 

2-0 

-1- 

16 

47-9 

1-38 

1-34 

0-98 

2-0 

8. cytophaga 

24 

48-9 

1-30 

1-23 

0-88 

1 .Q 

for 40 days 

48 

54-9 

1-21 

.1-16 

0-81 

1 O 

1-5 


has accordingly decomposed the fungus protein for its nitrogen requii-ements ■ 
the excess of ammonia is volatihsed, thus accounting for the nitrogen losses ’ 

Series V (Tables XIII and XIV). 

Stickiness. The figures for stickiness mdicate that the jomt action of the two 
organisms from the very start is unfavourable for its production. The average 
of 240 g. for stickiness is far below the figures recorded where the fungus hmi 
acted alone for at least a week. The low value for stickiness may be accounted for 
by the failure of the fungus to build up the microbial tissue which appears to be 
of prime importance in the production of stickiness. 

Carbohydrate constituents (Table XIII). The rate of decomposition appears to 
be very steady giving a maximum of about 28 % which is approximately that of 
Tnchoderma alone for 48 days. In fact, greater decomposition was expected 

Table XIII. Decomposition of straw with fungus and S. cytophaga 

together for different intervals. 


Time in 


Organism days 
T. lignorum 8 

+ 16 

8. cytophaga 24 

together 48 


Expressed on 100 g. oriafinai straw. 


Furfuraldeliyde 
from pentose 

Loss of groups not “True” 
D.M. in cellulose cellulose 

6-9 6-69 37-93 

11'9 6-52 35-41 

14-5 5-02 33-77 

27-9 4-68 20-62 


Loss of 

Loss of fur- 
furaldehyde 
from 11011 - 

Physical 

“true” 

cellulosie 

test 

cellulose 

constituents 

(g-) 

3-0 

1-91 

139 

5-5 

2-08 

163 

7-2 

3-58 

395 

20-3 

3-92 

266 


considering the cellulose-decomposmg nature of both the organisms. This low 
decomposition may partly be accounted for by the apparent failure of the fungus 
o glow in presence of The cellulose loss is in proportion to the loss 
of dry matter. A loss of 13 % dry matter between the 24th and 48th daj^-s 
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corresponds with 13 % loss of cellulose during the same period. The greater part 
of the loss of organic matter is thus accounted for by the loss in cellulose. There 
is hardly any increase in the loss of pentose between 24 and 48 days, no doubt due 
to the inactivity of the fungus. 

Table XI Y. Nitrogen content of straws rotted with fungus and S. cytophaga 
together for different intervals . 

Expressed on 100 g. original straw. 

Time in 


Organism 

days 

Loss of D.M. 

Total N 

Organic N 

N factor 

N eqiiiv. 

T. Ugnorum 

8 

6-9 

1-37 

0-95 

0-60 

8*6 

+ 

16 

11-9 

1-28 

1*00 

0-64 

i54 

S. cytophaga 

24 

14-5 

1-04 

0-84 . 

0-48 

3-3 

together 

48 

27-9 

1*30 

1*27 

092 

3-3 


Nitrogen immobilisation (Table XIV). The organic nitrogen is lower than 
that obtained with the fungus alone. This may be explained by the inactivity of 
the fungus. The low nitrogen factor in the early stages may be due to the poor 
synthesis of fungal tissue in the presence of the bacterium. 


Discussion and conclusions. 

It appears from these decomposition studies that the production of stickiness 
in straws depends upon the presence of fungal tissue and the nature of the 
; bacterium. Since 8. cytophaga has a comparatively low optimum temperature 

f for development, it appears that under the high temperature conditions of 

fermentation in a manure heap some other organisms must be the main causes of 
production of stickiness. Stickiness seems to have no correlation with the 
disappearance of any particular carbohydrate constituent during decomposition. 

Although S. cytophaga produces gum on a synthetic medium, it fails to 
produce any stickiness while working upon straws, but in the presence of fungal 
tissue 8. cytophaga produces stickiness. It is possible therefore that there is a 
fundamental difference between the sticky material synthesised by cytophaga 
while working upon straw previously decomposed by fungi and the gum it 
produces on an artificial medium which contains no fungal tissue. Obviously 
some sticky material other than the bacterial gum is S3mthesised during decom- 
position of straw by the interaction between the fungal tissue and the bacterium. 

The simultaneous inoculation of fungus and 8. cytophaga on sterile straw was 
not very successful either from the point of view of production of stickiness or of 
general decomposition. The fungus developed wuth difficulty and tw^o further 
inoculations were necessary. This may be due either to competition for food 
material between the fungus and the bacterium or the retarding effect of the 
end-products of the bacterial action on the growth of the fungus. No counts 
were made to test this possibility, but it has been observed by Rege [1927] and 
others that fungi which bring about the initial decomposition of straw eventually 
disappear and are replaced by bacteria. 


Summaby. 


(1) A number of common soil fungi and two cellulose-decomposing bacteria 
ill pure culture and in different associations have been tested with reference to 
the production of stickiness and general decomposition. 
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(2) These fungi and bacteria, while working independently of each other, do 
not produce stickiness irrespective of the nature of the bacteria. 

(3) Fungus decomposition follow^ed by the action of Mycobacterium agreste 
does not produce stickiness. 

(4) Fungus decomposition followed by the action of Spirochaeta cytophaga 
produces stickiness. 

(5) Progressive decomposition with a fungus and subsequent inoculation 
with 8. cytophaga at different stages produce stickiness even if the period of 
action of the fungus was brief. 

(6) Simultaneous inoculations of fungus and 8. cytophaga produce very little 
stickiness. 

(7) The amount of decomposition effected, the losses in carbohydrate con- 
stituents and the nitrogen immobilisation in each case were determined. All the 
substances studied were removed approximately in proportion to the apparent 
losses of dry matter. 

^ The author is indebted to Sir John Russell for facilities and to Mr E. H. 
Richards for suggesting the problem and for invaluable advice and criticism. 

The liter’s thanks are due to Dr H. Nicol for suppl3dng the pure cultures of 
bacteria and to Dr Brierley for supplying the pure cultures of fungi. His thanks 
are also due to Drs A. G. Horman and S. H. Jenkins for their valuable suggestions 
and criticisms. 
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From the Biochemical Laboratory of the Scie^itific Institute of 
Cereal Research, Moscow, U.SB.R, 

[Received July 10th, 1933.) 

In tlie v/inter of 1931-32 Miss Kozmiii drew our attention to the fact that gluten 
washed out from wheat grains damaged by the bites of the ‘'tortoise bug’’’ 
[Eurygaster species) within 2 hours at the most following the washing out turns 
into a liquid. This phenomenon was described by Kozmin [1929; 1930] and 
Berliner and Koopinaii [1929], both of whom have suggested that it was probabl}?^ 
a case of the action of strong proteolytic ferments. However, testmg by the 
usual method, i.e. b}?" aiitolysis of 5 g. of flour from the affected grain for 6 hours 
a,-f3 4.7 and a temperature of 34° showed only a slight increase of the free 

amino -groups in comparison with the autolysis of flour from normal grain; 
the normal grain gave an increase of 2*1 mg. and the damaged grain 244 mg. 
Amino-nitrogen was determined by the indirect method of titration of the 
carboxyl groups by the Willstatter method, and a difference of 0*34 mg. on a 
5 g. ahquot could not be considered decisive. After 48 hours of autolysis there 
was hardly a change in the difference between normal and damaged flour. The 
total nitrogen content of the 5 g. of flour being about 120-130 mg. an increase 
of amino-nitrogen of about 0*3-0‘6 mg. certainly could not cause such a lique- 
faction of the gluten as was mentioned above. 

Our next hypothesis was to assume the existence of a sj)ecific ferment in 
the damaged grain dissolving only the proteins of the gluten without splitting 
the amino-linkages in the polypeptide chains. In order to verify this assumption 
we have prepared a wmter extract from the damaged grain by placing in a 
thermostat a mixture of 1 g. of flour, 5 cc. of water and 1 cc, of toluene, allowing 
it to stand there for 48 hours at a temperature of 33-35° and filtering. From 
the flour of the undamaged grain fresh gluten wms washed ofl:. Aliquots of 
1 g. were weighed into Eilenmeyer flasks and to each were added 20 cc. of 
acetate buffer pg- 4-7, 5 cc. of the ferment extract and 1 cc. of toluene. One 
part of the flasks was placed for 10 minutes over a warter-bath and then in a 
thermostat for 24 hours. The contents of the second part were analysed im- 
mediately and the third part was placed in a thermostat 'without heating. In 
the thermostat were also placed flasks containing only gluten without the 
extract and others containing only the extract without gluten. I or aiiaHses 
the contents of the flasks were filtered through an ashless filter directly into a 
Kjeldahl flask and carefully washed out. The residue on the filter was digested 
according to the Kjeldahl method and so was the filtrate mixed with the water 
used for the washing out. The analyses gave the following results. 
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Nitrogen in mg. 


In filtrate In residue 


Without heating, 24 hours at 33-35° 
Heated, 24 hours at 33-35° 

Without heating, determined immediately 
Gluten alone after 24 hours 
Extract alone after 24 hours 


20-13 

50-16 

15-63 

53-56 

16-83 

53-46 

6-58 

50-37 

13-31 

— 


Total 

70-29 

69 - 19 

70 - 29 

i3-3ir^-^ 


After 24 hours’ digestion about 8 % of the nitrogen of the gluten passed 
into the filtrate. 

An experiment was undertaken under the same conditions on the effect 
upon the gluten of a diastatic preparation (“ maltin’’ of Kahlbaum, viz. a pre- 
paration from sprouted barley). The increase of amino -nitrogen titratable by 
the Sorensen method amounted after 24 hours only to 1-94 mg. The variation 
in solubility is expressed by the following values. 

Nitrogen in mg. 

In filtrai 

Without heating, 24 hours at 33-35° 

Without heating, determined immediately 
Heated up to 100°, 24 hours at 33-35° 

Gluten alone, 24 hours at 33-35° 

Diastase alone, 24 hours at 33-35° 3-28 [ 62-49 


In filtrate 

A 

In residue 

Total 

35-57 

26-82 

62-39 

4-28 

55-87 

60-15 

13-64 

46-73 

60-37 

12-18 

44-22 

56-40) 

3-26 

2-83 

6-09[ 


VIZ. : 


The results obtained after 6 hours’ treatment were also sufficiently definite, 


Nitrogen in mg. 


r 

In filtrate 

In residue 

Total 

16-57 

43-50 

60-07 

4-39 

56-16 

60-55 

4-53 

55-31 

59-84 


Without heating, 6 hours 
Without heating, determined immediately 
Heated up to 100°, 6 hours 

A still more energetic action was observed in an all^aliiie medium at p-^ 8-0 
Tlie results of a corresponding experiment carried on for 24 hours at a tem- 
perature of 33-35° with gluten and maltin were the following: 

Nitrogen in mg. 


Without heating, 24 hours 
Without heating, immediately 
Heated to 100°, 24 hours 
Gluten alone, 24 hours 

The effect upon the gluten at 8-0 of the extract from the grain damaged 

by the bug gave on the whole the same results as at 4*7. 


r 

In filtrate 

In residue 

Total 

47-52 

13-66 

61-18 

5-82 

54-49 

60-31 

6-90 

55-07 

61-97 

4-31 

53-70 

58-01 


Nitrogen in mg. 

In filtrate 

In residue 

Total 

9-16 

53-77 

62-93 

6-47 

55-93 

62-40 

6-90 

56-22 

63-12 


Without heating, 24 hours 
Without heating, immediately 
Heated to 100°, 24 hours 

The next step was the study of the effect of the dissolving ferment upon 
the components of the gluten: glutenin and gliadin. The preparations of these 
proteins were made according to Kiesel et al. [1931] from normal wheat flour, 
Pjj 4-7 (acetate buffer). Dry preparations of protein (0-2 g.) were used. The 
increase of ammo-nitrogen titratable by Sorensen’s method amounted in the 
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r 

111 filtrate 

111 residue 

Total 

r 

In filtrate 

In residue 

Total 

19-83 

18-48 

19-17 

15-03 

15-55 

15-29 

34-86 

34-03 

31-21 31.04 
31.27 

5-11 

5*55 

5-33 

36-22 

36-82 

14-53 

14-93 

14-73 

20-14 

19-45 

19-29 

34-67 

34-48 

2009 

21-41 

15-65 

15-38 

15-52 

35- 74 

36- 79 

8-07 

7-30 

7-69 

.26-45 

27-11 

26-28 

34-52 

34-41 

"^18-44 20 . 9 ^ 

no-Qs 

=^15-24 

^13-90 

14-57 

^i=33-68 

*33-98 

3-21 

2-98 

3-09 

28-76 

28-60 

0-68 

31-97 

31-58 

19-54 

14-22 

16-22 

15-22 

33-76 

35-27 

1-51 

1-47 

1-49 

1-22 

1-22 

1-22 

2-73 

2-69 

1-49 

1-22 

i-ii 

— 

2-78 

2-69 

1-83 

1-83 

1-83 

0-81 

0-88 

0-85 

2-64 

2-71 

111 1-83 

0-81 

0-88 

0-85 

2-64 

2-71 


glutenin for the 24 hours to 3-24 mg. The efiect of diastase (“maltiii”) gave the 

following results: Glutenin GUadin 

Nitrogen in mg. ' Nitrogen in mg. 


Witlioiit heating, 

24 hours 
Without heating, 
immediately 

"Heated to 100°, 

24 hours 
Protein alone, 

24 hours 
Diastase alone, 
immediately 
Diastase alone, 

24 hours 

Giiadiii without the ferment immediately after the experiment was started. 

The dissolving effect upon gliadin is considerably greater than upon glutenin. 
The enzjunic nature of the disintegration of the protein without an increase 
of the free amino-groups or at least with a considerably smaller accumulation 
of amino-groups in comparison with the amounts of nitrogen rendered soluble 
is sufficiently clear from the above experiments. It is hard to imagine what 
linkages are really being split in the protein molecule during this reaction. It 
may be behevedhiowever, as is thought by Astbury and Wood [1931], that 
the protein molecule consists of parallel polypeptide chains connected with each 
other by means of additional valencies into compound aggi'egates. Such con- 
nections may be formed between 2, 3 or 6 polypeptide chains, which is quite in 
aoreement with the fact found by Svedberg [1931] that the molecular weight 
of the protein is either equal to 34,500 or 2, 3 or 6 times this. The breaking of 
the bond between the different polypeptide chains may cause a change of the 
aggregate state of the protein without freeing new amino-groups. The ap- 
pearance of the latter is connected with the presence in the ferment preparations 
of real proteases. 

Summary. 

1. Tlie gluten of flour from grain damaged by the “tortoise bug” rapidly 

changes its aggregate condition without any noticeable increase of the free 

amino-gronps. . 

2. The disintegration of the gluten and of the component parts ol it, giutenin 
and gliadin, which is connected only with a change of the aggregate state of 
the protein, is a process of an enzymic nature. 

3. The corresponding ferment, which is representative of an entirely new 
type of disaggregating ferments, acts at both acid and alkaline reactions and is 
found in the seeds of wheat damaged by the “tortoise bug” and in the diastatic 
preparation from malt. 
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CCXVI. SOME LIMITATIONS OF THE CARIUS 
DIGESTION FOR THE MEASUREMENT OF 
CHLORIDE IN BIOLOGICAL MATERIAL. 


By FREDERICK WILLIAM SUKDERMAN 
AND PRISCILLA WILLIAMS. 

From tUJoIin Herr Musser Department of Research Medicine, University of 
1 ennsylvama and the Pennsylvania Hospital, Philadelphia. 

(Received July 24th, 1933.) 

In the quantitative determination of chloride of desiccated biological tissues 
particularly those eontammg fats, it has been amply demonstrated that coS 
plete lecoveiy is not obtainable by the method of open Carius digestion with 
till ’ other hand the use of preliminary alkaline digestion followed bv 

recoXy.^^™^ “ quantitative 

The failure to recover the chloride completely by the Carius method has 
been interpreted by some, particularly by Morris and Morris [1930- 19321 as 
^e to an actual loss of chloride in some volatile form during tlie^drWg process 

interpretation is incorrect since we ha^Viorted 
if desiccated blood be allowed to stand in contact with water before 
the Carius digestion, almost complete recovery of chloride results- and more 

complete recovery as compared with estabHshed method^ 
of analysis. The confusion between “diminution in chloride measureSrt Pand 
an actual loss of chloride persists in the recent article by Norris and Ampt 119331 

It was suggested by us that traces of halide may distil off duriim the digestion 

to S ™ “tX“diZ Tf ■” 

.1 1 • 1 ^ diminution in chloride measurement which W'e reported in 

the analysis of desiccated biological materials. The following experiments were 
- “ 

Samples of wet and dried blood were digested with Ao-ISTO and HNO in ^ 
P^ex flask connected by ground glass jomts to the digestion Isk o JaSpsl 
(^aMale apparatus^ The fumes given off from the di|estion S^til wePeZ^d 

pXtZdX IZ TX »“*■» I’.OtopZ-oSrie 

afewilitlS;!^^ ^“'if maintained electrically 

fn,P TTi ^ ^ f collected in a solution of Na,HAsO. The residurt 

^es 0 owing t c Carius digestion were drawn through the Thompson-Oakdale 

ployej “P^ments a dmUarly modiaed Willard-Thompson apparatus was em- 
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apparatus in a stream of cliloride-free air. The NagHAsOg solution was 
tralised with. HNOg, and the halide precipitated with AgNOs* The results oi 
the analyses are given in Table I. The estimations of the halide recovered froiii 
the fumes were made by comparhig the turbidity of the unknown with that of 
freshly prepared suspensions of AgCL By comparison of turbidity we were able 
to estimate any chloride that might be lost up to 3 mM per litre of blood 
witiiiii ±:0’1mM . 

Table I, 

Haximiim 
kalide re- 
covered from 
fumes from 

Carius Chloride 

digestion. analyses, 

Milli-equiv./l. Milli-eqiiiv./i. 
wet saniijle w^et sample 
0-2 80*1 

0-5 66-8 


Material 
Ox blood 16 

Ox Mood 18 

Human blood 


NaCl sol. 

100 iiiilli-equiv./l. 

Human blood 


Remarks 

Wet samples dried in flasks at 110° 
for 24 hours 

Wet samples dried and subjected 
to preliminary alkaline digestion 

(а) Wet samples 

(б) Dried and finely pulverised 

samples 

(c) Samples dried in flasks 


(а) Wet samples 

(б) Dried samples subjected to 

preliminary alkaline digestion 
(c) Wet samples digested in flasks 
connected with stopi^ered re- 
flux condensers 

{cl) Dried samples digested in 
flasks connected with stop- 
pered reflux condensers 


0*3 

0- e5 

1 - 0 

1-8 

0*1 

(same as 
reagent blank) 


83-2 

83-8 

83'0 

68-8 


It will be seen from Table I that the minute amount of halide which we were 
able to recover from the fumes during the Carius digestion of blood accounts 
only to a very small extent for the failure to measure chloride completely by the 
direct Carius method with dried blood. Moreover, when dried blood was sub- 
jected to direct Carius digestion in Eiienmeyer flasks connected by ground glass 
joints to stoppered reflux condensers, failure to measure chloride completely 
was still experienced. These studies suggest that failure to measure the chloride 
completely in desiccated biological tissues must be attributed to other factors 

rather than to a loss of chloride. _ n r 

We are in agreement with Norris and Ampt as to the desirabihty of alkaline 
digestion of certain biological materials before proceeding with the measure- 
ment of chloride. In the case of wet blood or serum, however, preiimmary 

alkaline digestion was found unnecessary. _ . , , , ■ j • 4. 

Our studies demonstrate that in some biological materials chloride is not 
completely measured by the direct open Carius method. PreUmmary leaclung 
with water in some instances provides almost complete recovery of the chloride, 
prehminary digestion with alkah is completely effective and is, theretore, the 
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procedure of choice in dealing with such materials. We have been umbla + 
demonstrate that this failure to measure chloride by the direct onen rat'.? 
blood°*^ ^ chloride in amounts gi-eater than 1-8 mM per litre of 
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CCXVIL ON MONOLAYERS OF PROTEOLYTIC 
ENZYMES AND PROTEINS. 


By jack henry SCHULMAN asd ERIC KEIGHTLEY RIDEAL. 

From the Colloid Science Laboratory^ Cambridge, 

(Received August 25th, 1933.) 

PART L 

THE REACTION KINETICS. 

Iis a recent coiiiiiiiiiiicatioii [Hughes and Rideal, 1933] it was sliow^n that the 
progress of reactions taking place at an air-liquid interface could be followed by 
observation of the rate of change of the phase boundary potential. In this paper 
an account is given of a preliminary investigation of the action of a typical 
proteolytic enzyme system, trypsin on monolayers of egg-albumin and of caseiii- 
oo-eii. This investigation was undertaken because it appeared probable that this 
type of reaction at a phase boundary frequently occurs in living systems. 

The structure of albumm monolayer's. 

There is a considerable amount of information which indicates that the 
structure of proteins in bulk solution is different from that which exists wdieii 
the protein is extended as a monolayer in a film. 

The measurements of Svedberg and Nichols [1926] lead us to regard egg- 
albumin as an isodisperse protein of molecular weight 34,500, and from the 
constancy of its ‘hnolecular” weight it is assumed to be approximately spherical 
in form (cf. Sorensen, 1915]. The spherical character of the egg-albumin molecule 
is further supported by an optical examination due to Ettisch et al. [1931] vdio 
found that egg-albunhn solutions m flow exhibit^ no birefringence and light 
scattered in the Tyndal beam is polarised. These views are opposed to those of 
Staiidiiiger who regards eucolloids as existing in the filamentous or distended 
state in solution. The ease with which the protein particle breaks down outside 
the region of its stability limits, 4 to 9, suggests that the particle may not 
be really isodisperse within the limits but may consist of three units each of true 
moleciiiar weight 11,500, built up into a single net-like unit (the choice of three 
similar units is based upon the approximate analysis by \ickery and Shore 
[1932]). A net-like structure has indeed been proposed by Kuhn [1932] for 
gelatin from an analysis of the viscosities of dilute solutions of this protein. It is 
clear that whichever view of the structure of egg-albumin in solution be correct, 
the balance of evidence is against the rod-like or filamentous structure. It has 
been shown [Hughes et al, 1932; Fosbinder and Lessig, 1933] that a number ot 
proteins may be spread directly as homogeneous surface monolayers from the 
solid material. Protein monolayers are characterised by the fact that under 
suitable conditions they form highly elastic gel-like films. For the polydisperse 
proteins such as gliadin and caseinogen in which the polypeptide 
probably highly branched the gel state is not acquired until relatively high two- 
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dimensional pressures (15 dynes/cm.) are appUed to the film; this nhenomA^n,, • 
accentuated in films of polypeptide mixtures such as peptone Xre soTiS' 
toed only nndor very high comp™. In thoLc 
proteins liie alhumm the characteristic gel-like appearance is quite not eeabt 
at relatively low pressmes (< 1 dyne per cm.) and even below these pressures the 
fflms camiot be regarded as anything except weak gels develop^ mto mSe 
homogeneous gels. If egg-albumin be spread on buffer solution it is foundXt 
the rate of spreadmg ^d the quantity per em.^ attained at equilibrium si^dd^dv 
mcmase several 100 % when the acidity of the substrate is extended beyond S 
stabihty region of the isodisperse state; it may be significant that thiJ cWo 
coincides with the re^on of peptic digestion of the film. cnange 

Monolayers of the isodisperse and polydisperse proteins are also differentiated 
by the fact that m the polydisperse proteins such as gliadin and caseinoi^en 
possessmg many branched chains, the phase boundary potentials are relativelv 
high whilst for the monodisperse proteins such as albumL they are much lover 

bnunTnt“™^“+- m ® changing the Ps of the substrate on the phase 

boundary potential likewise indicates that this is governed by the number and 
ature of the polar groups in the side-chains and is scarcely affected rtte kss 

polai amide iinlvages m the main polypeptide chain. 

In the sohd state Astbury and Wood’s analysis [1932] has shown that the 
proteins exist in two characteristic forms—the zig-zag type of extended nolv 
peptide eham.^thej-keratin structure, and a chain folded in a series of hexagons 
peiio icity o-lA., the a-keratin or diketopiperaziiie ring type Whilst" hi’ the 
surface soluble inoteins spreading out mto moAolayers the chZs mn.S be SSe 
or^mal ^-keratin type, it seems certain that conversion into™l7aSn or 

it Tbh T f + ™f surface and very rapidly and 

it IS to this latter structure that the stability of the films is diie mikt 

femTt“ conceLationsTth: te 

thi^vW sufficiently well defined experimentally to confirm^ 

s view as to then- structure, yet the values obtained for the isodisperse nrotcins 

favoSiSypZesTs 

madily b; SSttoto:; 

Th^v^yhSlt andX"'''" f " alLm^ 

diketopiperazine and anhydride ~ f 

t“Sb-st i: 

the — CO— NH-^ linkai^p of groups in the side-chains and that 
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cliaiiis terminating in — COOH and — NHq respectively, the |)hase bouiidarjr 
potential should increase until the peptide chain becomes so small that dissolu- 
tion commences, and only then will the phase boundary potential commence to 
fall. As an alternative method, hydrolysis consists in the breaking either of an 
amide linkage near the end of a chain or two amide Imkages close together in a 
chain and the small fragment containing relatively many polar groups thus 
released goes into solution. Under these conditions there will be a gradual fall 
in the phase boundary potential as the protein passes through the stages of 
peptone, polypeptide, tri- and di-peptide and simple amino-acid disintegration. 
As will 130 noted, this latter change is the one found experimentally and it is 
indeed possible to express, in a qualitative manner at least, the stages of dis- 
integration of the protein by observation of the magnitude of the phase boundary 
potential. 

Since the concentration necessary to foimi films is of the order of 10""^ g. per 
cm.^, the method of surface potentials is not only particularly well suited for the 
characterisation and control of purity of biological materials which possess large 
surface potentials and are availahle only in small quantities but also in its 
sensitivity in measurement of chemical reactivity and rates of reaction for 
substances in almost sub-aiial}dical quantities. In the case of these enzyme 
reactions in particular the kinetics can be followed over a convenient period of 
some twent}^ minutes at room temperature, and, furthermore, some light is shed 
on the actual nature of the enzymes themselves. 

Thanks to the investigations of Willstatter and Grassmaii, Waldschniidt- 
Leitz and his co-workers and Northrop b we can distinguish in commercial trypsin 
solutions digesting egg-albumin at pg 8-9, a proteinase, tryptase, effecting a 
primary hydrolysis into polypeptides; further hydrolysis proceeds by attack at 
the terminal groups in the pol 3 q)eptide chain by polypeptidases. We may note 
that both the amino- and carboxy-polypeptidases which may be jpresent in 
trypsin hydrolyse the amide linkages close to a terminal ^NH 2 or oOOH 
group respectively with the result that small soluble fragments, e.g. leucine or 
tyrosine, are removed from the ends of the polypeptide chains, a point, as we 
have noted, of some importance in interpreting the effect of hydrolysis on the 
phase boundary potential. Whether a small soluble fragment is liberated in the 
action of the primary proteinase, tryptase, on the original protein has not been 
established but, as we shall note, such a suggestion is supported by the observed 
change in phase boundary potential. Still further hydrolysis is effected by t.ie 
dipeptidases present. 

Expeeimental peoceduee. 

The experimental method employed followed closely that described in 
previous communications [Schulman and Eideal, 1931; Schulman and Hughes, 
1932], wdtli the exception that the apparatus was kept at 25 , the egg- albumin 
beiiiP' spread from the solid from a micro-balance on the surface of if /20 
solutions made up according to the directions of Clark (“Determination of 
hydrogen ions”) over a range of 2-12; the solution was contained in a 
quartz trough of 300 cc. capacity. It was found necessary to take precautions to 
eliminate the formation of diffusion potentials in the liquid junctions connecting 
the buffer solution in the trough with the auxfiiary electrode and membranes on 

the electrode itself. r i i * 

The protein film so spread could be compressed by means of glass barriers to 

3- Compare Ergehnisse der EnzymforscMing, Band i, Leipzig, 1932. 
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the stage where the phase boundary potential on gelation no • i 

appreciably on further contraction; the film in this state posse, sses^charT'^ 
teristie surface potential dependent only on the of the suLtrate "tt, ^ r*' 

behind the beeriet rtieh had been movS’to^mZ,ft£%I Z ’14 

tiire foi half an hour in the same buffer solution as that on which the Tu-n+«- ’ 
film was spread, but Jf/10 in strength (strong bufi'ers beinf- found neee- ^ 
owing to the acidity of the trypsin), were injected and well mixed from the :frf“ 
side of the barrier into the underlying solution. With the aid of the liovW 
polonium e ectrode the process of subsequent digestion of the nrote^ fiT 

of albumin at the surface of aqueous solution « 
of albumin, one part in half a million parts forming solid gel film^at an air Hmn-^ 

If the soluble protein is not ehmuiated it forms partiallv dio-ested nrotein fil, ’ 
at the surface which obscure and inhibit the mam reaction so that The reLr 
.ppea„ toproceed ta steps or jumps, the dime™ „t wL" me deS^S*™ 

b;t“rdSr: s t ' 

variet?es°’'* ® pancreatm, which gave more uniform results than Jther 

espansilT^e Sal compression or 

eaklarv active aJidra'A.d T’l" *“ *“ »hid, are 

and ive malassimluiatH^*™^ protem gradually disappeais from the film 

"borne out by the fact that ^ potential ; this assumption is 

asteadofmlsulnllfSte If «f teaetion mre obtamcd when. 

maintaining the area of filin n phase boundary potential mth time, 

necessarrio martii^ a f contraction of area of film 

Experimentally, however this latte ^ potential is measured, 

in the later stages of digestiom difficult to carry out, especially 

and of temperatmemi^the^^te ^ of vanations m the concentration of panereatin 
perature on the rate of digestion of an albumin film at 7-7. 






1586 


J. H. SCHULMAN AND E. K. RIDEAL 


It will be noted from Kgs. 2 and that the reaction in presence of pancreatio 
origmally mnmolecnlar, becomes converted on decreasing the concen W ^ 
panoreatm and at lower temperatures firstly into an inhibited reaction obovii^f 
the Arrhenius expression i = (Kg. 2), then the rate of displacement of 
the by-products of the digestion by the trypsin alone governs the reaction 
velocity and the reaction foUows Sehutz’s law^ = ~ (Pig. 2 a). Curves a b 

and d are given as examples for the two expressioL, c'^showing irreLllritv 

owing to diffusion to the surface of a weak trypsin solution. ®i=>ularity 

A comnarison of the R.ntna.l 
films 



~ vcilutis ooraiiiea tor the reaction in huih 

phase imder similar conditions mdicates that they are of the same f 

magnitude the chief dilference is that the transition from a unLokcular sSfaf 
reacfaon velocity to an inliibited reaction following Schutz’s law takes plaTe t ^ 
lesult of a smaller change in the concentration of the panoreatin • tbis^a i 
rff greater facility with which by-products from the reaction'cni' 

diffuse away from the disperse micelle in the bulk phase and the deer ° 
ability of the trypsin in the lower concentration to displace the by product^ 
formed initially on the surface, since on complete digestion tL ^ A'’ 

revealmg a marked optimum between p„ 8 and 84 

In the neighbourhood of the optimum the reaction only reveals a unimnie 

tion as a whole proceeds more rapidly at 7-5 than at p„ 8-2 


-1 /tc ajjLvtjic 'pToieolyttG BnzyMes. 

SS3S!SSS“rH~£= 
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albumin, tlie pliase boundary potential of the proteiiiases being AF = 220 niv. 
and of the carboxypotypeptidases AF = 200 mv. The proteinase N formed solid 
films very rapidly after injection of the solution into the buffer solution in the 
trough but some*' ten and twenty minutes respectively elapsed before the pro- 
teinase M and the carboxypolypeptidase P yielded solid films. 

Solutions of these proteases were injected at pjj 7*7 under films both of egg- 
albumin and of caseinogen. In the examination of the stages of proteolytic 
digestion in films, casemogen being polydisperse possesses certain advantages 
over egg-albimiiii in that not only is the change in phase boundary potential 
greater than for albumin in the region of gelation, but, accompanying a high 
surface pressure the region of gelation is smaller and more sensitive to changes 
ill pressure. 

In Figs. 5 and 6 are given a summary of the experimental results of the action 
of these enzymes on the two proteins. 



Mg. 5. 



It will be observed that the proteinases N and M reduce the surface potential 
to a definite value, M, to a slightly greater extent than N, a fact probably due to 
the difficulty in elimination of the last traces of pol 3 rpeptidases by the adsorption 
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process. Owing to the fact that only small quantities were aTailable it lias been 
iiiipossibie to determine the reaction constants, but, with the exception of the 
digestion of egg-albumin by Northrop’s proteinase which follows a zero order, 
they appear to be imiiiioleciilar. In one case the carboxypolypeptidase P was 
injected into the solution of proteinase which had already digested a film of 
stage. This resulted in a further stage of digestion mth 
a concomitant fall in the surface potential of a further 20 mv. Likewise a 
mixture of M and P enzymes digested a caseinogen film with a change of 55 mv. 
compared with 25 mv. with the proteinase alone. 

On comparison of these values with those obtained in the digestion of either 
egg-albumin or of caseinogen by pancreatin containing the complete series of 
enzymes, it is found that in the proteolytic digestion by the proteinase N about 
10 % of the original protein has left the surface in some soluble form, whfist a 
further 25 % leaves the surface through the addition of the carboxypolypepti- 
dase P. 

On the other hand, about 15 % and a further 16 % leave the surface in the 
action of the ferments N and P respectively in the case of caseinogen. Another 
interesting feature observed in the digestion of a film of caseinogen, which 
possesses a region of gelation very sensitive -to pressure (the rigidity of the gel 
being imperceptible when the phase boundary potential falls below 260 mv.), is 
that it is still in a gelatinous state when digested by the proteinase N, but on 
digestion by the ferment M which contained a slight trace of a carboxypoly- 
peptidase a small further digestion reflected by a change of only 4 mv. In the 
phase boundary potential caused it to assume a fluid condition. The proteinase, 
however, rising to the free surface of the water on the other side of the glass 
barrier, forms a solid film. These conditions on each side could be maintained 
for several hours. The proteinase which itself forms a solid film does not dis- 
place the liquid film of the partly digested caseinogen owhig to the higher 
surface pressure of the latter, and continuous gel-like films of proteins do not 
appear to be formed except at an air-liquid interface, no formation taking place 
underneath a monolayer. 


PART II. 

SOME STRUCTURAL CHARACTERISTICS OF THE ENZYMES. 

The phase boundary potential of try^mn, 

111 Fig. 7 are plotted the phase boundary potentials of an albumin film in the 
gel state with that of a solution of trypsin for comparison as a function of the 
Pjj of the medium. 

It is interesting to note that at p-^ 4 trypsin causes a marked alteration in the 
phase boundary potential, viz. AF = 320 mv.; no tryptic activity is noted here, 
the film is gel-like and possesses all the properties of an albumin protein film. 
As we pass into the region of proteolytic activity the phase boundary potential 
falls, the surface loses its gel-like character and becomes perfectly fluid and 
similar to that of a vaporous or gaseous two-dimensional phase. Pepsin exhibits a 
similar behaviour, forming an albumin-like film at^pg- 7 but a fairly mobile surface 
with a low phase boundary potential at p^ 2, the peptic optimum. The experi- 
mental evidence suggests that the tr 3 rpsm solutions, even when prepared with the 
precautions stated, still contain small quantities of protein which form films at 
Pg 4 ; but at jj 8 the rate of arrival of the protein micelle from the interior with 
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the subsequent sj)reaclmg is equalled by the rate of tryptic digestion of the pro- 
tein. Ill the region pjj 8 to 12 the phase boiindaiy potentials are veiy similar as 
well as the fluidities of the surface, but at 12 no surface tryptic activity "is 
noted. It is probable that the traces of protein left in the solution of the enz;yniie 
ill the micellar form are completely dispersed at this and thus cannot form 
siirhice films by spreading from micelles. With strong solutions of trypsin or on 



the addition of extra albumin solid gel-like films are eventually formed, ilibiimin 
when spread from a solid on to the surface forms a perfectly stable gel-lilve film 
at this pjj . It is clear that the characteristic surface potential which remains 
almost constant over this range of p ^^^ , whilst no criterion for the activity of the 
fermentj is an indication that a distinct change has taken place in respect to the 
protein constituents in the surface solution. 

That the films formed pancreatin on acid substrates really consist of protein- 
like material was confirmed by the fact that they are readily digested by pepsin 
injected into the solution at p^ 2 in the usual manner. 

The resultant active surface of pancreatin at the optimum pj_j evidently con- 
tains no protein, although at p^ 2 undigested pancreatin forms films with all the 
characteristics of protein. 

Similar digestion experiments w^ere carried out with pepsin which forms 
protein-like films on alkaline solutions (p^ 7-7) of slightly lower AF = 220 mv. 
compared with 240 mv. for albumin. These could be digested readily by pan- 


I 
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* creatiii. Likewise tlie protein-like films formed by the proteinases obtained from 
Prof. Northrop and Dr Murray (see Part I) as weU as by the carboxypolypep- 
tidases could be digested in a similar manner by further injection of paiicreatiii, 

[ Since the protein-like proteinase and the more disperse protein-like carboxy- 

I polypeptidase are further digested by addition of the lower trypsins, it would 

! suggest that the various tryptic ferments are associated with their own break- 

do vui product of original protein when in solution at the for optimum activity, 

and over the inactive region of pjj with proteins albumin-like in character. 

It is clear that all these enzyme preparations are associated with the presence 
of protein-like material which is capable of being digested by other enzymes or 
i by autodigestion and, also, after removal of the protein by digestion it appears 

i that the surface enzymic activity of the solutions remains unimpaired. 

The conclusions inferred from these experiments could logically be extended to 
enz^une solutions which have been digested by other enzymes, e,g. pancreatin by 
pepsin. These have already been examined by Northrop who showed that the 
enzymic activity in solution decreased as the digestion of the proteinase pro- 
ceeded. We have found by digesting pancreatin Avith joepsin at 2 and then 
bringing the solution back to 7*7 that in agreement with Northrop’s observa- 
tion the tryptic activity in bulk disappears as the peptic digestion becomes more 
complete. On the other hand the very interesting observation was made that 

* Avhereas these solutions were inactive for the digestion of caseinogen, albumin or 
gelatin in the bulk phase, if films were formed of either of the former proteins on 
these apparently inert solutions, digestion took xdace rapidly with unimpaired 
activity. 

► The method consisted in dissolving 0*3 g. pancreatin and 0-2 g. pepsin in 

50 cc. N/lOO HCl, leaving to digest for varying lengths of time at 38° and in- 
jecting the mixture into the trough containing 250 cc. phosphate buffer at pjj 7-4. 
Tlie^^chaiiges in films of egg-albumin or caseinogen spread u^Don the surface Avere 
then observed. It Avas noticeable that on prolonged digestion of the jpaiicreatiii 
by pepsin the surface proteolytic acthuty became greater until it reached the 
normal activity of undigested j)ancreatin after 24 hours’ treatment. This was 
probably due to the removal from the solution by peptic digestion of protein 
AA'Fich inhibits the surface reaction. Even after 48 hours’ digestion by |)epsin 
a considerable surface tryptic actmty was observed. A control exjperiment 
indicated that the tryptic acthdty of pancreatin ax)peared to be unimpaked 
Avheii it Avas dissoNed in 50 cc. A/100 HCl and the solution subsequently in- 
jected into a |)hosphate buffer at pjj 7*4. 

In the cim^es in Fig. 8 are shoAvn the results obtained and it is seen that this 
activity for surface digestion is maintained for relathmly long periods of time ; 
whilst after only 5 hours’ digestion of pancreatin by pepsin the activity in the 
^ bulk phase is scarcely measurable Avhen tested with caseinogen and precipitation 

by acetic acid. Pepsin, on the other hand, is quite inactive on protein films at 
Ph when the acidity is brought back to pg- 2 it is still completely iiiactiAm ; 

this is analogous to its behaAdoiir in the bulk phase. 

From the curves in Fig. 1 (Part I) it is seen that the surface actmty is 
Amry sensitive to changes in the bulk concentration of pancreatin, and Ave must 
conclude that in these experiments the concentration of active enzymes in the 
bulk phase has been left unaltered by the peptic digestion, although the solutions 
exhibit no tryptic activity in the bulk phase. 

Two points emerge from these film experiments; firstl}^, that the active 
enzyme can be removed from its protein-like carrier by suitable digestion. This 
aj)pears to be in agreement with the experiment of Dyckerhoff and Tewes [ 1933 ], 
^ 100—2 
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who effect'ed an exchange of protein carrier for the pepsin, making edestiii and 
other protein carriers peptically active by precipitation from pepsin solutions, 
whilst Frenkel [1932] effected a separation of a toxin from its protein carrier, 
leaving mi active solution containing no protein in the case of diphtheria toxin. 




The second point of mterest is that solutions of these enzymes from which 
their normal protein-like carriers have been removed by digestion are incapable 
of exerting any enzymic activity on proteins except when these latter are pre- 
sented to them in the particular state or orientation associated with the film. We 
have so far been unsuccessful in effecting a regeneration of bulk enzyme activity 
by the addition of a suitable support material, although we have included both 
inactive enterokinase and edestin, as well as albumin denatured in various ways, 
including that denatured by film formation, and also substances such as alumina 
and quartz. The experimental investigation is being continued in this direction. 

It has long been known that destruction of enzymic activity in respect to its 
activity in a bulk^ phase proceeds rapidly on boiliiig. A series of experiments 
was carried out with a view to investigating the existence (in boiled solutions) 
o any lesidual enzyme activity to protein monolayers. Paiicreatin solutions 
containing 0*3 g. in 20 cc. of buffer solution were boiled for various periods of 
mm and cooled rapidly to 0'^ and then injected into the trough containing the 
buner solutions and their surface enzymic activity measured by the rate of 
lyc ro jssis of either albumin or caseinogen films; comparative runs with uii- 
oixc so.utions were carried out at the same time. The results obtained are 
shown in Figs. 9 and 10. 


t' 






solution, h, Solutioi 
just brought to boili 


Fig. 10. Digestion of ca 
boiling at jPh 8-2. c 
and filtered, no reac 


digestioin^ of monolayers of protein 
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It will be observed that solutions of trypsin when boiled at p„ 8 for a nerinrl 
even as long as 30 minutes still exert a marked tryptic activity on protei/filmT 
the actmty being st 11 about one-third that of the original sLtioi Xft no 
activity Muld be noticed m bulk as tested by caseinogen and acetic acid pri^ 
tation It may be remarked that egg-albumin films appear to be more resistant 
to the boiled enzyme than films of caseinogen, which liquefy and disappear in 
the normal manner. The ultimate phase boundary potentials'obtained are some 
40 mv. higher tor the bofied than for the unboiled solutions, showiim that smne 
change has occurred m the component parts of the pancreatin. ° 

The results of these e,xperiments carried out at 8 are to be contr-, 

the result.s obtained by boding a trjqisin solution at pg 4-6, filtering off the 
coagulated protem and bringing the back to 8 afain. These solutions 
exhibit no tr^tic activity either in bulk or for protein films and indeed form 
solid piotem-hke films themselves at an air-liquid interface which, however in 
no way a,fieet the solidity of a gelatinous caseinogen film if a solution of the boiled 
enzyme be injected underneath. It appears that the enz^nne surface aetivitv is 
in chrect relation to the degree of coagulation and consequent insolubility of the 
t otem carrier; for at 8 there is only a shght precipitation of coagulated 

fort^fiV^mintS ^ fifteen to 

It might be concluded from these experiments that the enzyme consists of at 
least two components, a “free enzyme” non-protein in characCand a troteh 
fee'SSyie The generally adsorbing or reversibly binding the 

to it in ^tt readily reacts with proteins when presented 

ESBSSiSSSisss 

Ag+ or CuVi th^5 ^ ® poisoning with metallic ions such as 

reactions; on’the othef hand surface 

removed brd vestfon hi aShT?'“ Seated by boiling or the protein 

The intermeTlon ad^ 

relationship existing between the activity of wh^tT^^** reveahng the peculiar 
enzyme” and proteins X^presented t dfignated the “free 

orientated monolayer is based noon tJi» i ^ ® enzjane m the form of an 

boundary potential observed when a the changes in phase 

surface of a buffer solution covcrpH 'ti!^ is injected under the 

measure of e^yrnfr aSitTT. ""'f oaonolayer can be taken as a 

enzymic activity, i.e. a digestion of protein by the enzyme. In 
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support of tills hypothesis may be advanced the results of the investigations 
described in Part I where the process of gradual liquefaction of a protein film, by 
an enzyme was described, the coincidence of the optima for both bulk and 
surface reactions, the fractional changes effected by the proteinase and carboxy- 
polypeptidase respectively, and lastly the various forms of what have been 
termed velocity curves obtained mth different concentrations of enzyme, w^hich 
curves are faithful replicas of the velocity curves obtaining for bulk solution in 
these systems. 

It seemed desirable to show more directly that the disappearance of a protein 
film from the surface of a buffer solution after injection into that solution of a 
'v proteoljdic enzj^me was in reality a digestion of the protein. 

A solution containing both egg-albumin and pancreatiii at 8 was allowed 
to undergo digestion. From time to time a few drops of the solution were placed 
by means of a dropping pipette on the surface of a buffer solution at pjj 8 and the 
change in phase boundary potential noted. The phase boundary potential in all 
cases attained the characteristic value obtained for the original protein vdth the 
formation of a solid film until complete digestion had taken place as determined 
by the absence of a precipitate with acetic acid, when the value characteristic of 
solutions of trypsin would appear and no solid film he formed. Evidently un- 
digested protein in the drops spreads on the surface in preference to the trypsin 
or the products of hydrolysis until no protein is left in the solution. The identity 
of the phase boundary potential with that of the protein reveals no evidence of a 
protein-trypsin complex, although, as will he noted in the next series of experi- 
ments, evidence for the existence of a complex between some constituent in the 
► pancreatiii and a breakdown product of egg-albumin can be presented. 

Ill the next series the trough was filled with buffer solution containing 
pancreatiii and egg-albumin in various concentration ratios and the phase 
boundary potential determined from time to time as the process of bulk digestion 
proceeded. 

It was found that the phase boundary potentials shown by these solutions 
were very sensitive to the ratio of the pancreatin to albumin. When the original 
solution contains a slight excess of pancreatin to protein the surface of the 
solution is found to acquire a solid film rapidly with all the characteristics of the 
protein, but this liciuefies in the manner described in the investigations on 
monolayers, and within a few minutes the phase boundary potential acquires the 
characteristic value of a pancreatin solution (Fig. 11, graj)h a). 

In experiments in which equal proportions of pancreatin and egg-albumin are 
present (OT % of each in the solution), the surface rapidly acquires a solid protein 
film with the characteristic phase boundary potential for egg- albumin (graph 6); 
this falls slowly as the concentration of the protein diminishes until what must be 
^ regarded as a complex of tr^rpsiii and a product of hydrolysis of the protein com- 

mences to penetrate the surface layer, gradually increasmg in quantity as the 
protein diminishes until ultimately the surface consists entirely of the trypsin 
complex possessing phase boundary potentials dependent upon slight variations 
in the original ratio of enzyme to protein, in general much higher {e,g. 178 mv.) 
than that of a trypsin solution (90 mv. at pjj 8), The surface is, however, 
perfectly fluid and no change takes place in the phase boundary potential on 
contracting the surface area by means of a slide. In the last case where the 
solution contains an excess of protein to pancreatin the surface reaction evidently 
becomes more complicated (graph c). It is observed that the protein film of 
phase boundary potential 250 mv. forms immediately as in the other cases. The 
phase boundary potential falls in twenty minutes to 193 mv. and then com- 
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nieiices to rise again. Tlie originallv rierid iil-m 

becomes more elastic and then eventualiy becomes rigid ac^aiii 

.TlnmS*" ““ P>»*»i».Iik. teteitics of the ?otfao. film h^e 

«. its h”™”' "‘y =*»■• P»lo»g«<i petio*. 
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trypsin + 0-2 g. egg-albumin in 300 CO. at 25 °.*' nnim m oOO cc. at 26 °. c. O-l g. 
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the enzym; presenr^;;; 

tmdigestS proteiifiirSe bulk i quantities of 

products in th^ pJS&ra5asTaMam^lie)*o?at^^ 

A pancreatm solution was filtered at n a-fi nnri +i ™ 

alumina B. The elution fmm oi • filtrate treated witli 

not influence and amylase did 

contaimng the tryptic ferments di«=!nlan ri f 1 whereas the residue 

boundary potential and disappearance^of TnroT^ change in phase 

ihdi».fi.„ that pmteolytic hycbolysia digesa^L i^aSTp^SX.” " 


SiJMMABY. 

of P~W ■Ponoloyem 

latA, prtKaods Th.®«";“ " o~gen proteolytic hydrolysis of the 

quaiititatiyely by observing the non visually and 

potentials. ^ the concomitant changes in phase boundary 
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The reaction kinetics of the proteolytic digestion of protein monolayers follow 
closely those previously observed for the bulk phase -reaction both in respect to 
dependence on the ‘p-^ of the solution and the order of the reaction. It is shown 
that the proteinase fraction of pancreatin is responsible for the removal of some 
10 % of the protein in the case of egg-albumin and of 15 % m the case of caseiii- 
ogeHj whilst the carboxypolypeptidase fraction removes a further 25 and 16 % 
respectively. 

The proteinase and carboxypolypeptidase fractions of pancreatin when 
purified by the precipitation or by the adsorption process form films which are 
protein-like in character. These are themselves capable of being h^Mrolysed by 
pancreatin without loss of surface activity. 

The characteristics of films of trypsin are found to be indistinguishable from 
those of albumin over the region of p^ in which they exhibit no tr^rptic activity, 
whilst over the active region they form solutions of low surface phase boimdar}^ 
potentials. 

It is shomi that when pancreatin solutions are digested by pepsin at 2 
and the solution restored to p^ 8, whilst no tryptic activity is observed for bulk 
phase reaction, monolayers of egg-albumin and caseinogen are readily digested. 
Solutions of trypsin -when boiled at p^ 8 likev^ise exhibit a marked surface 
proteolytic activity. 

The properties of the surfaces of solutions containing both enzyme and protein 
are examined during the course of the reaction. It is concluded that in the 
tyyptic enzymes the ''free enzymes” can be separated from their protein-like 
carriers but when free can only react with proteins when presented to them in 
a suitable form such as a monolayer at an air- water interface. To render the 
"free enzyme ” active for protem solutions it must be adsorbed on a protein in a 
particular state or configuration. Experimental evidence is given that the dis- 
appearance of a protein film on an enzyme containing substrate is due to digestion 
only and is not due to the adsorption of some constituent of the enzjnne of lower 
surface tension. 

We wish to express our thanks both to Prof. Northrop of Princeton and to 
D. R. P. Murray for their kindness in furnishing us with specimens of the purified 
enzymes and to the latter for assistance in carrying out bulk control experiments ; 
to Dr J. Zozoya for much helpful criticism and to the Medical Research Council 
for a grant to one of us (J. S.). 
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IAeee seems no doiibt that the post-prandial urine of normal men and women 
often contains a reducing substance or substances removable bv veast 
lermeutable sugar” has been found after breakfast by Van Slyke and Hawkins 
[19^9], U ujegular mtervals during the day both by Greenwald et al [igoyi 
nSiJf Harding and Selby [1931] and in 24 hour urines by West and Peterson 
[1932], Its occurrence varies with the nature of the meal (Harding and Selb.d 
or the general diet [West, Lange and Peterson, 1932] and with the individnp 
(Harding and Selby). WMst aU the methods’ for ite determlatii S fn 
common the use of yeast, different reagents have been used for the determination 
of the reducmg power, thus minimising the possibility that the findingrm-e 
due to some extraneous accident of teclmique. The fraction removable by^veast 
almost certainty eontams glucose. The fraction is found in the carbohydrates 

0 the urine. Harding and Selby provided physiological evidence for the entry 

01 glucose from the blood, and West and Steiner [1932] state that the rate of 
fermentation is almost exactly paraUeled by the same amount of glucose under 
the same conditions. On the other hand Greenwald et al. behoved Ho be 
non-glucose m character, and Van Slyke and Hawkins have clearly iown the 
simultaneous occurrence of small amounts of irregularly excreted^non-alucose 

“'>3' a* pVsible 

The previous paper of Harding and Selby reported the practical absence of 
a substance removable by yeast from fasting urines and at many other times 

absence of gS. buTrec“v! 
nsmj, the hmitations of the method of analysis, regarded such amounts of ttai- 

present in these urines as minimum. Certainty there was no 
difficulty m differentiating between these possible minimum S^uS aS the 
comparatively large excretion of post-pranLl substances rTmoTno bA yeatt 
This Regularity of excretion, affecting both the time of day and the individu^ 
enabled the authors to harmomse their own results with the preidous contra’ 
dictory findings reported in the Hterature. ^ 

^ recent series of papers West and his coUeagues [West and Peterson 
1932; West, Lange and Peterson, 1932; West and Steiner igS^clahn S 
fernientable sugar occurs in aU urines. This they identify 2 ^.luoose 

the total sugar and non-ferniZtall i ^ difference between 

a non leinientable sugar becomes indistmguishable from the 
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titration error. They calculate that the presence of 6 mg./lOO cc. fermentahie 
sugar ill urine at a dilution 1 : 10 would only mean a titration difference of 
0“08 cc. 0*005 A thiosulphate under our conditions, and a difference of 0*04 cc. 
at dilution 1 : 20. West, Lange and Peterson go so far as to remark '‘that the 
method used by these workers is incapable of estimating with sufficient accuracy 
the fermentable sugar of starvation urines.” 

Ill our previous paper we drew the conclusion that “the possible amounts 
of fermentable sugar in normal fasting urine must be under 5 nig./lOO cc. and 
are more likely to be less than 2-3 mg./lOO cc.” The results on which this con- 
clusion is based are to be seen in Tables I and II of the previous paper. In 
Table I, where the dilution is constant at 1 : 10, only 1 urine out of 8 shows 
a titration difference of 0*04 cc. Evidently in this series of urines, the amount 
of fermentable sugar is 3 mg./lOO cc. or less, and such a conclusion neglects 
the fact that some of the urines gained slightly in reducing power, rather than 
lost. Ill Table II' the dilutions are varied, hut onl}^ 4 out of 18 urines show 
fermentable sugar equal to 0*03 cc. 12 out of the 18 show' titration differences 
of +0*01 or 0*00 cc. The average result lies within our experimental error, and 
we consider our conclusion justified. Our conclusions were supported also by 
an unpublished series of observations on 8 normal fasting urines of which we 
now give the details of 4. The methods were those of our previous paper. 

Extreme care was taken in this series. All apparatus was recalibrated and 
especially cleaned before use. The yeast was most thoroughly washed and after 
use on the diluted urine was removed by a double centrifuging. Two samples 
from each urine specimen were analysed separately, with duplicate titrations 
on each. The extreme range of all 4 titrations did not exceed 0*02 cc. 0*005 A' 
thiosulphate. The average value thus only varies from the extreme by ±0*01. 
Table I shows the results of 2 urines diluted 1 : 10 and 2 diluted 1 : 20. The 
amount of sugar removable yeast is represented by differences of ±0*01 cc. 


Table I. 


Non-fernientable Fermentable 





Total sugar 

sugar 

sugar 



Final 

r 

A 

^ 

Subject 

Specimen 

dilution 

cc. 0*005 iV tbiosulpbate per 

2*0 cc. filtrate 

I 

i 


1*02 

1*03 




1 : 10 

1*02 

1*02 



2 


1*01 

1*03 





1*02 

1*01 




Average 

1*02 

1*02 

0*00 

II 

1 


0*83 

0*84 




1 :10 

0*83 

0*83 



2 


0*82 

0*84 





0*83 

0*84 




Average 

0*83 

0*84 

-0*01 

III 

1 


0*57 

0*55 




1 :20 

0*57 

0*54 



2 


0*55 

0*55 





0*56 

0*55 




Average 

0*56 

0*55 

+ 0*01 

IV 

1 


0*66 

0*64 




1 :20 

0*64 

0*65 



2 


0*65 

0*65 





0*64 

0*64 




Average 

0*65 

0*65 

0-00 
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It would seem a justifiable conclusion that fermentable sugar, or sugar removabt. 

by yeast, was present m these urines only in minimum amounts. Had we bpen 

cieailllfr with B.iniftona snlnf-.imi.a _ X . , ... ■ 



1 V. .V .xxc.ooxx^xui Vibv Ui our reagents appeared somewhat les^ 

aiidwesetthehmitsoidet6ctionat2-3mg./100cc. Our reagents and methods weS 

of suffameiit deheaoy to detect glucose in the concentrations stated by West ef nl 
So far neither West et al. nor ourselves have confirmed the presence in urine 
the nomglucose reducmg substance removable by yeast of Van Slvke nurl 
Haudons. These latter obtamed evidence for its existence in urines diluted onlv 
1 : 1, when acted on by an equal volume of washed centrifuged yeast cells Thei^e 
wa.s possibly some indication of its existence in the urine No* 1 in Table T ef 
our previous paper, where 3 successive treatments with yeast removed emd 
valents ol 0-02 0-03 and 0-03 cc. 0-005 W thiosulphate. The amount was ^Irv 
small, so smaU that we felt no correction was required in the maioritv of 
urines. Nevertheless we minimised the possible interference of this sibstanee 
y using a highly chluted urine. At the same time in our study of post 
prandial urines we refused to consider as true fermentable sugar any difference 
less than O-Oo cc. O-OOoV thiosulphate. The use of urines Sf only ZdeSll 
dilution, and the interpretation of very smaU diminutions in reducing power after 
the action of yeast as true fermentable sugar, were open to the criticism that we 
were dealmg with the Van Slyke-Hawkins or a similar substance, wWch whin 
Stira.* ™ amounts became completely removable by a single yeast 

^ West’s criticism we have felt ourselves under the 

necessity of defending and amplifying our previous work, nevertheless it is a 

laSSo? Weement Both 

laboratories use the same general method of analysis, the yeast premratiZ 

Bn+I the same, and the copper reagents differ only in a few details 

Both methods quantitatively recover added glucose, either as” a direct addition 

found hy^fe!7! T If the fermentable s4ar 

loimd bj V est ef al m fastmg human urine consists entirely of Hucose the 

Sr WesI comrte,Vernh 

we haveused H BaCOj in his prehminary treatment of the urine and 

ofHW s reagent. This however should affect only the level 

difference 'if determinations and” not their 

inueiicc It glucose is the sole urmary fermentable sugar. The present muev 

““3;™;^' S'*™'”” it p»Lbie 

GeNEEAIi methods. 

fUbr® method of analysis is the same as in our previous paper. After 

stance^ Th^total “ suitable reagent to remove interfering* sub- 
tle Sutldu^^^^^^^^ " “d on 2 ec. filtrate. Another portion of 

Sn/ard SfrrSjtJ’r a"'”'*- i tfafrlS w 

Dowrri??WSJ,£!fj-r that described by Harding and 

rat them is the carbonate-bicarbonate 

ithiio vve snail leter to these reagents as i and 2. 

urme-filtrateswereadjustedtoiiH6-5previousto“sugar”determmations. 
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Influence of ammmiia on '' sugar determinations. 

Harding and Downs [1933] showed that very small concentrations of am- 
nioiiiiiiii salts decreased the sensitivity of their reagent to sugars in aqueous 
solution. The removal of ammonia could readily be effected by the addition of 
KII2PO4 followed by solid MgO. This gave a filtrate containing the original 
amount of sugar. The presence of ammonium salts in urines may thus cause a 
certain amount of error in sugar de ter mmations, unless the preliminary “clearing” 
'at the same time removes the ammonia. In normal urines the amount is not 
large, and the error, in view of the uncertainty of interpretation to be attached 
to total sugar determinations, is probably not serious. The use of ngSO^-BaCOg 
as recommended by West gives a filtrate free from NHg . Lloyd’s reagent leaves 
some NHg , but this clearing agent can be preceded or followed by the KH2P04“ 
MgO treatment. 

However great or small may be this possible source of error on the deter- 
mination of total sugar, within the limits of its normal variation, the presence 
of NHg has no effect on the yeast action. There thus appears to be no reason 
to suspect an inaccuracy of our previous determinations of fermentable sugar 
from this cause. 

A fasting 2 hour urine sample was diluted to 150 cc. To 120 cc. of the diluted 
urine were added 1-2 g. KH2PO4 and 24 g. solid light calcined MgO. After 
shaking 15 minutes the mixture was filtered and the filtrate found NHg-free by 
Nessler’s reagent. The filtrate was brought to pg- 6-5 by adding 1 or 2 drops of 
20 % H2SO4. 100 cc. of 0-04 A HgSO^ w^ere added to 100 cc. urine-filtrate and 
6 g. Lloyd’s reagent. x4fter shaking a few minutes, the treated urine was filtered. 
A determination of total sugar and non-fermentable sugar after yeast action 
was made. To 50 cc. of the cleared diluted mine were added 50 mg. {NH4)2S04. 
This represents approximately 150 mg. NHg per 100 cc. original urine. Total 
sugar and non-fermentable sugar after yeast action were again determined. The 
added NHg was removed from the remainder of the liquid by KH2PO4 and MgO. 
Total sugar and non-fermentable sugar after yeast action were again determined. 

The sugar estimations were made by both copper reagents. The results, 
shown in Table II, demonstrate the very shght effect of the added ammonium 
salt when the estimations were made by reagent 1 and the marked effect on 
reagent 2. The efl'ect, however, is the same on both total sugar and noii-fer- 
mentable sugar determinations. The yeast action is evidently unaffected. 

Table II. Showing the action of added NHg on total sugar and non-fermentable 
sugar determinations and the accuracy of fermentable sugar determinations in 


presence of ammonium 

salts. 

Sugar” 

as cc. 0*005 A" tliiosulpbate 
per 2 cc. filtrate 




Reagent 1 


Reagent 2 

A 


Procedure on urine 


N.F.S. 

"rs. t.sT 

N.F.S. 

~F.S. 

KH^PO^-MgO and 
HoSO^j-Lloyd’s reagent 

2-82 

2*44 

0-38 2-07 

1*77 

0*30 

As above -!- added (NH 4 ) 2 S 04 

2-80 

2-42 

0-38 1-73 

1*45 

0*30 

Added (NH 4 ) 2 S 04 removed 

2-82 

2-44 

0-38 2-07 

1*76 

0*31 


by KHaPO^-MgO 

T.S. = Total sugar. IjT.F.S. = Non-fermentable sugar. F.S. = Fermentable sugar. 
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The use of KH,P 04 -Mg 0 suppHes another method for “clearino-” uj.;,.,., 
pr™s to .sugar determinations. This method removes very little^rediS 
material, giving high sugar” values when used alone. Such urines are Ca fr 

and contain onlj a small amount of phosphate. 

lijffect of variations in methods of clearing of urine and 
different copper reagents. 

If the directioms of West and Peterson for the use of HgSO.-BaCO ar^ 
followed and the interfering substances of urine removed by this reao-Ant +i 
IS no dilhoulty in finding fermentable or yeast-removable sugar m ei^ffas w 
urine we have examined, at dilutions varyiim from 1 • 5 tn i • i^ “ last ng 

2_c. fflt.* f„, th. We have & 

p dly X^amZrruld^wy VrlTeToTo^^^^^^ 

If the diluted urine is treated with KH,PO.-MgO followed bv H SO t r 
reagent, following directions similar to those given in the pxtvfoiSfe^fri ^ 1 
oe yeast action is allowed to take place just previous to the treatment ’with 
H 2 .SO 4 Lloyd s reagent, a series of figures is obtained for fermentable sutn,- 
rft" ' ““ HgSO.-BaCO.. Both ..oo 

If the treatment or ''clearing” of the urine h solel\- Kir w qa ti 

STf toUl are obtained for fermentable s^gar. ThfdeteSa" 

tioii of total and non-fermentable sugar by reao-eiit 1 fthe reao-pnf nooi • 

p™™»s p.^r) gives aguzoB toi- W.ita'ble ,Sgar ai provinmS y ” « hY" rf 
those givon by i-eagont 3, or by oith.t ro.g,o„t rfte tho li oSo f^abo 
The fermentable sugar is now 1 to 3 me- ner t,r.,y,.c ,.2i JsaoUa etc. 

its concentration varies from 2 to 6 mgVlOO ce. ’ as glucose, and 

AU these re.sults are .sbovui in Table ITT t'ka r r ^ , 

are obtained by subtraction of the non-fei meltable LL w thT totS 

calculation from the difference as given^h! 
cc. OOOoW thioasulphate. This causes occa.sional slight discrepoancies between 

clearhig reagents on the estimatim of 
total {T.8.), non-fennentable (N.F.S.) andfrJntable {FT) s^f ^ 

Figwes ivpreBeat mg./2 hours as glucose. Bracketed figurvs are ce. 0-005.V thiosulphate for 2 «. wine filtrate. 

^^ 2 P 04 ~MgO and 
xl 2 fe 04 -Lloyd’s reagent 


Subject 

Tol/ 

2 liours 
cc. 

Approx. 

final 

dilution 

H^SQ 

tST": 

i-Lloyd’s reagent 


N.F.S. F.S ' 

A.R.A. 

34 

1 : 15 

36 

34 

2 (0-06) 

T.F.N. 

94 

1: 5 

28 

49 

32 

24 

47 

28 

4 {0-15) 

2 {0'05) 

4 (0-13) 

D.L.S. 

55 

1:10 

50 

31 

48 

29 

2 (0-04) 

2 {0-09) 

G-A.G. 

56 

1:10 

54 

37 

53 

33 

1 (0-03) 

4 (0-12) 

S. J. 

112 

1: 5 

50 

47 

3 (0-07) 

C.E.D. 

57 

1:10 

32 

43 

28 

41 

4(0-13) 

2 (0-06) 

C.E.D. 

50 

1:10 

27 

42 

30 

22 

40 

26 

5 (0-16) 

2 (0-07) 

4 (0-14) 


HgSOi-BaCOo 


T.S. 

40 

28 

51 
35 

50 

33 

52 
37 
48 
33 


48 

31 

46 

33 


N.F.S. 

35 

23 

46 

30 

45 

30 

48 

33 

43 

28 

42 

26 

40 

28 


F.S. 

5 (0-13) 
5 (0*15) 

5 (0-15) 
5 (0-16) 
5 (0-12) 

3 (0-11) 

4 fO-13) 

4 (0*12) 

5 (0-14) 

5 {0-15) 

6 (0-18) 

5 (0d7) 

6 (0-17) 
5 (0-18) 


T.S. 

24 

21 


30 

25 


27 

23 


30 

26 

28 

28 

25 

20 

23 

21 


N.F.S. 

20 

16 

25 

20 

24 
19 

25 
21 

24 

24 

21 

16 

19 

17 


F.S. 

4 (0-11) 

5 {0*15) 

5 (0-14) 
5 (0-17) 
(0-09) 


Copper 

reagent 


4 (0.12) 

5 (0-14) 


5 (0-12) 
4 (OlO) 
4 {0-17) 

4 (0*10) 
4 (0-.15) 

4 (O'lO) 
4 (0*15) 


j 
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I 


f 


f 


I 


the Tallies as shown in the two columns, as we have approximated the values 
for total and noii-feriiieiitable sugar to the nearest mg. 

Two questions at once arise. Why does copper reagent 1 compared with 
reagent 2, and used after Il2S04-Llo3^d’s reagent, estimate onl}^ oiie-lialf the 
fermentable sugar, and why do the results not agree with those of Tables 
I and II of our previous paper and Table I of the present paper? To the fii‘st 
question it would seem a reasonable answer that reagent 2 determines some 
non-glucose substance removable by jmast which is estimated either partiall}?' 
or not at all bj?" reagent 1. If so, this substance might have been altered by the 
previous treatment of the urine by KH2P04-Mg0, for the fermentable sugar is 
now the same by both reagents. Treatment of urine with HgS04-BaC()3 ap- 
pareiitty also alters its value to the same degree, unless the agreement is entirely 
fortuitous. It must be remembered that the j^east action in our experiments 
has taken place before the treatment with H2S04-Lloyd’s reagent or IlgS04-“ 
BaCOg, so that any change should be shown as an apparent increase in total 
sugar. Of the two copper reagents No. 2 was designed to have a veiy much 
smaller oxidising power on some nitrogenous reducing substances, and HgS04- 
BaCOg was designed b}?- West to remove a number of such possible substances. 
Changes of this character overshadow to such an extent any possible alterations 
ill the reducing power of a small amount of non-glucose substance removable 
by 3^east that no direct indication of the existence of this latter can be obtained 
from our data. The facts however are inconsistent with glucose being the sole 
fermentable or 3'east-removable substance in urine. The second question is 
discussed later. 

Recovery of added glucose from urine. 

In view of the inconsistencies Just reported we feel it necessaiy to give the 
actual recovery figures of small amounts of glucose from urine in wdiich the 
clearing agent and the method of using the 3^east are varied. Eagle [1927] had 
advised the use of jreast after H2S04-Lloyd’s reagent. Usually we have used 
jreast before the clearing agent. We determined added glucose when approxi- 
niatety 2*5 mg. glucose were added to a 2 hour fasting urine specimen and the 
clearing’^ w^as varied as follows: 

I. urine diluted and '' cleared’’ by Il2S04-Llo3urs ; 

II. urine diluted and ^‘'cleared” by KiloP04~Mg0; 

III. urine diluted and cleared” b^^ KH2P04-Mg0 followed b}:^ II2SO4- 

Lloyd’s reagent; 

IV. urine diluted and '‘cleared” b^^ IIgS04~BaC03 . 


Table IV. Showing recovery of small amounts of glucose added to normal 
fasting urine. The glucose is recovered as extra fermentable sugar. 

Figures represent nig./2 hours. 

Yeast used previous to ‘‘clearing” Yeast used after “clearing” 


Fermentable sugar 
present in urine 
Reagent 



Method 1 2 


I 

4.4 

3*0 

II 

3-6 

2*6 

II 

3-8 

3-8 

[V 

3-0 

3*7 


Glucose added 
2-6 mg. 

Extra fermentable 
sugar 
Reagent 

1 2 


2*8 

34 

2-9 

2*5 


Glucose added 
2-7 mg. 

Fermentable sugar Extra fermentable 


present in mine 
Reagent 



sugar 

Reagent 

1 

2 

1 ^ 2 

3-2 

4-2 

2*9 

2*6 

5-5 

3-8 

2*8 

2-8 

34 

4*9 

34 

2*2 

34 

4*7 

34 

2*4 


II 

III 

IV 


34 

2-8 

2-8 
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The preliminarj dilution was approximately 1:3. The j^east was used on 
the preliminary diluted urine, before the clearing agent in one series of experi- 
ments and after the clearing agent in a second series. The final dilution was 
1 : 6. The reducing power was determined by both copper reagents. All methods 
of clearing and wariations in the use of yeast gave satisfactory recoyery fio-nres 
(Table IV). - 

JEffect of dilution preliminary to clear ing. 

We have stated that to minimise in our previous experiments the effect of any 
possible non-glucose substances removable by yeast on our determmations of 
fermentable sugar m normal urme, we used'a'high dilution. Apart from the 
limits of our ability to estimate glucose, to what extent did the high pre- 
liminary dilution contribute to our previous negative findings ? » - • 

A. A 2 hour specimen of normal fasting urine was diluted to 150 ce. (dilution 
approximately 1:3). On a portion of this were determined total and non- 
fermentable suga,r, using H 2 S 04 --Lloyd’s reagent and allowing the yeast to act 
previous to clearing. The final dilution, at which the sugar determiiiations were 
made, was approximately 1 : 6. Except for a more concentrated urine, the 
technique follows exactly that of our previous paper. 

A/3. Portions of the final 1 : 6 dilution urines from A were diluted with 
W'ater to a dilution 1 : 18. 

_ B. 50 ce. of the preliminary diluted (1 : 3) urine from A were diluted to 
150 cc., making a new preliminary dilution of 1 : 9. On this were determined 
total sugar after H 2 S 04 -Lloyd’s reagent and non-fermentable sugar after jmast 
and H2&1^4“Lloyd s reagent. The final dilution was 1:18. Copper’ reacfents 
1 and 2 were used in the three sets of determinations. 

A comparison of the resrrlts from A, A/3 and B should show the same amount 
of fermentable sugar in mg./2 hours if glucose is the sole fermentable sugar in 
urine. Expressed in ec. 0-005 A thiosulphate per 2 cc. final dilution of urine 
the fermentable sugar of both A/3 and B should be 1/3 the value of A, if we are 
dealing ordy with glucose. If, however, substances other than glucose constitute 
part of this fraction, the values for fermentable sugar in B might vary markedly 
from those of A/3. - j 

The results are shown in Table V . The amount of fermentable sugar found 
in B is very much less than in either A or A/3. With reagent 1 the amount is less 
than one-half, in all but one sample. The use of reagent 2 shows 4 samples of B 
out of 6 to contam less fermentable sugar than A. The comparison of A and A/3 
shows the latter in ec. 0-005 A” thiosulphate to be almost exactly 1/3 the former. 


Table V . bhoioing the effect of^ the amount of dilution preliminary to the action 
of yeast and H 280 f-Lloyd’s reagent on fermentable sugar in normal fastina 
urme. 


Subject 

E.W.I.U. 

C.E.D. 

C.E.D. 

IIA, 

B.L.S. 
G.A.G.' 
Average 
mg./2 iioiirs 
as glucose 


Copper reagent 1 


A 

A/3 

B 

0-31 

040 

0-09 

0-28 

040 

0*04 

0-33 

042 

0-02 

0*40 

043 

0-06 

0*25 

0-08 

0-07 

042 

042 

0-04 

0-33 

041 

0*05 

7-0 

7-0 

3-2 


Eesults in ce. 0*005 N thiosulphate 


Copper reagent 2 


r 

A 

A/3 

B 

0-32 

0-12 

0-07 

0'30 

0-10 

0-09 

0-27 

0-09 

0*06 

041 

0-12 

0*08 

0-23 

0-08 

0-05 

0-27 

0-08 

040 

0-30 

0-10 

0-07 

5-2 5’2 

. urine-filtrate. 

3*6 
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The error of simple dilution is 0*01 cc. Again the facts are inconsistent with the 
unity of the fermentable sugar fraction of normal fasting urine. 

Why do the results with reagent 1 in the present work fail to duplicate our pre- 
vious results, and why does reagent 1 give lower, similar and higher results with 
reagent 2 in Tables III, IV and V ? Whilst we have not entmely excluded the 
possibility that small unconscious differences in detail in the use of the copper 
solutions or the preparation of the filtrates may be responsible for the discrepan- 
cies, it seems more likely that inequalities in the preparation of reagent 1 are the 
cause. The figures for fermentable sugar in fasting urine as obtained by reagent 2 
are relatively stable from preparation to preparation, and each preparation can 
be easfiy checked by reference to the or titration values of the B solution 
(.Harding and Downs). Reagent 1 has also been standardised as far as possible, 
and each preparation is always checked in value against pure glucose and found 
to give the same standard figure. This, however, is known to be no guarantee 
that each preparation will possess the same value to all other reducing substances. 
Harding and Van Nostrand [1930] noted variations in oxidising power to non- 
sugar reducing substances of whole blood. Harding and Selby drew attention 
to the same fact, and this instability of the preparation was one of the reasons 
that caused us to seek a different copper oxidising reagent with good general pro- 
perties. The instability is brought about in the preparation of the reagent by the 
necessity of iieutrahsing Na2C03 by free tartaric acid, with a resultant uncertainty 
of the carbonate-bicarbonate ratio, though this can be controlled with sufficient 
accuracy to obtain constant results with glucose (see criticisms by Somogyi 
[1926]). The results for fermentable sugar in normal fasting urine and after 
glucose, both morning and afternoon, as reported by Harding and Selb}^ in 
their previous paper, were all obtained with one large preparation of the copper 
reagent. Twm or three preparations have been used in the work of the present 
paper. If our explanation is correct, a somewhat accidental chcumstance com- 
bined with our high preliminary dilution was responsible for our previous negative 
findings for fermentable sugar in normal fasting urine. On the other hand, all 
the evidence of the present j)aper makes uncertain the amount of glucose present 
in such urines and favours the minimum rather than the maximum figures. 

Effect of oral administration of glucose on urine fernientable^^ sugar. 

We have re-examined this question, using conditions favourable to showing 
a high sugar removal by yeast. 

50 g. glucose in 400 cc. water were taken orally at 9 a.m. under the same 
conditions as in our previous paper. Some days later 50 g. glucose were taken 
by the same subjects at 4p.m. (under conditions of afternoon glycosuria), the 
noon meal being of general mixed character. Blood-sugars w^ere estimated at 
9 a.ni., 2 p.m. and 4 p.m., and every 15 minutes after the glucose administration. 
We have reported only the zero, peak and 2 hour values. AH blood-sugars were 
detemiined on cutaneous blood [Herbert and Bourne, 1930 ]. Urine was cleared 
b}' KH2P04-Mg0 lollowed by H2S04-Lloyd’s reagent, and also by HgS04- 
BaCOg. A east was used after clearing and the reducing power determined by 
reagent 2. The final dilution was approximate^ 1 : 10, 

Table VI shows that there is a small rise in urine “fermentable"’ sugar 
after oral glucose administration, whether given fasting at 9 a.m. or at 4 p.m. 
even when the peak of the blood-sugar does not rise above the normally accepted 
renal threshold. When the peak rises above the usual threshold value, as in 
cases C.E.D. and A.R.A., the usual large amounts of fermentable sugar enter 
the urine. Unless this latter occurs, the increases, however, are so small that 
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Table VI. Showing effect of oral glucose 07 i urine '' fermentable'' suga/^\ 

Urine ''fernieiitaMe’’ siicar 

Elood-sngar, mg./lOO cc. mg./2 liours 

Morning or ^ ^ 


Subject 

afternoon 

0 hour 

Peak 

2 hours 

Pre-glucose 

Post-glucose 

D.L.S. 

M 

77 

124 

97 

5-0 

6*4 






3-5 

6-8 


A 

94 

144 

81 

11-0 

11*4 






10-7 

IM 

T.F.N. 

M 

87 

130 

85 

3-8 

4-5 


A 

107 

173 

94 

9-2 

14*6 






10-2 

16-0 

S.J. 

M 

SO 

132 

66 

2-7 

7-0 






3*5 

6*1 


A 

93 

149 

109 

4-6 

7*1 






5-6 

7*3 

G.A.G. 

M 

90 

134 

82 

5-8 

7-0 






5-5 

6*7 


A 

86 

173 

87 

9-1 

13*2 






10-4 

13*9 

A.E.A. 

M 

107 

150 

60 

4-7 

6-1 






5*0 

6*1 ^ 


A 

92 

232 

123 

2*4 

317 






2-6 

317 

C.E.D. 

M 

97 

154 

91 

4-1 

5*2 






4*4 

5*0 


A 

105 

204 

105 

5-7 

388 


8-0 343 

Tlie first of eacli pair of urine “fermentable” sugar values is obtained after KH 0 PO 4 -MSO 
followed by H 2 S 04 -Lloyd’s reagent. The second of each pair is after HgS 04 ~BaC 03 . 

our previous conditions would have failed to detect them, unless we had adopted 
the extremely rigorous teclinique of Table I. 

A correspondeiiee between the blood-sugar level and the amount of urine 
'‘fermentable'’ sugar as determined after HgS 04 ~BaGOg or KH 2 P 04 ~Mg 0 and 
HgSO^-Lloyd's reagent is also shown in Table VII. The morning blood-sugar 


Table VII. Showing relation of fasting blood-sugar to level of 
urme 'ffermentable" sugar. 



Blood -sugar 

Urine-sugar 

Blood-sugar 

Urine-sugar 


9 a.m. 

7-9 a.m. 

2-4 p.m. 

2-4 p.m. 

iSuhject 

mg./lOO cc. 

nig ./2 hr. 

nig./lOO cc. 

mg ./2 hr. 

D.L.S. 

77 

5-0* 

115-94 

11 * 0 ^ 



3*5t 


10*7t 

S.J. 

80 

2-7* 

88-93 

4*6^ 



3*5t 


5*6t 

T.F.N, 

87 

3*8* 

122-107 

9-2^ 



— 


10 * 2 t 

G.A.G. 

90 

0 * 8 * 

117-86 

9-1* 



5*5f 


10*4t 

O.E.D. 

97 

4*1'^ 

124-105 

5.7:1: 



4*4j 


8 * 0 t 

A.R.A. 

107 

4-7* 

83-92 

2*4* 



5-Ot 


2-6t 


t ‘‘cleared” by KHgPO^-MgO foUowed by H,SO,~Llovcrs reagent, 

t Urme “cleared” by HgSO^-BaCOg. - 1 ^ ^ 
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at 9 a.ni. is assumed as the level from 7-9 a.m. [Trimble and Maddock, 1929]. 
The blood-sugar level at 2 p.m. and 4 p.m. is usually higher than the fasting 
morning level. In all these cases the urme “fermentable” sugar is higher from 
2—4 p.m. than from /— 9 a.m. The one exception where the 2—4 p.m. blood-sugar 
level is lower than in the morning shows a lower urine “fermentable” sugar. 

The conclusion must be reached that fermentable sugar as obtained under 
such conditions is intimately connected with the level of the blood-sugar, or 
with the level of carbohj/drate metabolism of which the fasting and post- 
prandial blood-sugar is also a reflex. In view of the facts set forth in the pre- 
ceding sections showing the lack of unity of proof that glucose is the sole con- 
stituent of the fraction called urine “ fermentable ” sugar, we hesitate to conclude 
that the increases are glucose. The hesitation is strengthened if we tabulate the 
increases in urme “fermentable” sugar after glucose feeding in the order of the 
peaks of the blood-glucose. We should expect the two sets of figures to show 
some degree of correspondence if there is a simple escape of blood-glucose through 
the kidney. Table VIII shows such an arrangement. In making up the table 

Table VIII. Showing the peaks of blood-sugar and increase in urine 
“fermentable” sugar after glucose feeding. 

Urine ‘‘fermentable” sugar 


Blood-sugar peak 

Pre-glucose 

Post-glucose 

4 

mg./lOO cc. 


mg./2 liours 

Increase 

124 

4 


6 

2 

130 

4 


4 

0 

132 

3 


6 

3 

134 

6 


7 

1 

144 

11 


11 

0 

149 

5 


7 

2 

150 

5 


6 

1 

154 

4 


5 

1 

173 

9 


13 

4 

173 

9 


15 

6 

204 

7 


340 

333 

232 

2 


317 

315 


we have taken the mean of the KH 2 P 04 ~Mg 0 and the HgS 04 -BaC 03 va.liies as 
represeiitmg the urine “fermentable’’ sugar to the nearest mg. It will be seen 
that no close correspondence between increases in blood-sugar and urine ''fer- 
mentable” sugar exists. The increases after glucose feeding, though distinct, 
are small and remain so until, in this small series, the peak of the blood-sugar 
reaches 170 mg. The increase at this point is much more marked than after 
the lower blood-sugar peaks. At a peak of 204 mg. or 232 mg. the urine becomes 
flooded with fermentable sugar. This is the famihar description of the renal 
threshold for glucose, with a slight variation. Our figures supply no evidence 
for a gradual progressive increase in urine "fermentable” sugar with increasing 
peaks in blood-glucose. 

West, Lange and Peterson evidently intend it to be understood that urine 
"fermentable” sugar as determined by their method is dependent on the level of 
the b.lood-sugar. They draw attention to a sharp increase in fermentable sugar 
in a dog’s urine occurring after meat feeding and remark, “it is probable also 
that the glucose of the blood reached a maximum about this time.” Yet they 
ignore their findings that extremely irregular excretions of fermentable sugar 
apparently occur on two successive days of starvation in the same individual. 
Subject E.S.W. excretes 326 mg. fermentable sugar on normal diet, then 308 mg. 
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aaci 68 iiig. on two starvation days. Subject H.L.W. puts out 38 mg. and ■ 

160 mg. femieiitabie sugar on two successive starvation da 3 rs, the latter being 

slightly greater than after a day's normal diet. Such findings are inconsistent 

with a,, close correlation of blood-sugar and urine “fermentable" sugar. The 

blood-sugar during fasting exhibits no large fluctuations, such as are produced 

by the intahe of food. Sugar remains at the normal fasting level with a slow fall 

as the fasting progresses from day to dajn 

Summary. 

1. Animoniiim salts, in physiological amounts, lower the total ''sugar" and 
iioii-feriiieiitable “sugar" found in urine, when the deteriiiinatioiis are made 
by some of the sensitive Shaffer- Hartmann reagents. The fermentable sugar 
value may be unaltered. 

2. The use of KH2PO4 followed by MgO on normal urines constitutes a 
nietiiod of clearing urine. The filtrates are suitable for “sugar" deteriiiinatioiis. 

3. KH 2 P 04 --Mg 0 can be used in conjunction with H 2 S 04 -Lloyd’s reagent 
for clearing urines previous to “sugar" determinations. 

4. The values for fermentable sugar in normal fasting urine can vary with 
the clearing agent and with the copper reagent. 

o. x411 the variations of method permit of the recovery of added glucose to 
urine, in the form of extra fermentable sugar. 

6. The amount of fermentable sugar found in normal fasting urine can be 
varied b}^ the state of dilution previous to the application of H2S04-Lloyd’s 

reagent. " I 

7. Provided the method of clearing and the oxidising reagent correctly 
estimate small amounts of added glucose, the lower values for fermentable 
sugar should be accepted as more nearly correct. 

8. Using the methods which give the higher results for fermentable sugar 
in urine, the oral ingestion of glucose results in slight but distinct increases in 
this fraction. These increases cannot be correlated with the increase in the blood- 
sugar. When the usual renal threshold for sugar is passed, large amounts of sugar 
appear in the urine. 

9. We conclude that some substance removable by yeast other than glucose 
exists m normal human fasting urine. 


REFERENCES. 

Eagle (1927). J. Biol. Clwm. 71, 481. , * 

Greenwald, Gross and McGuire (1927). J. Biol. Chem. 75, 491. 

Harding and Downs (1933). J. Biol. Chem. 101, 487. 

• — and Selby (1931). Biochem. J. 25, 1815. 

and Van Nostrand (1930). J. Biol. Chem. 85, 765. 

Herbert and Bourne (1930). Biochem. J. 24, 299. 

Somogyi (1926). J. Biol. Clwm. 70, 599. 

Trimble and Maddock (1929). J. Biol. Chem. 81, 595. 

Van Slyke and Haw^kins (1929). J. Biol. Chem. 83, 51. 

West, Lange and Peterson (1932). Biochem. J. 26, 1728. 

and Peterson (1932). Biochem. J. 26, 1720. 

and Steiner (1932), Biochem. J. 26, 1742. 




CCXIX. THE EFFECTS OF AMINES ON 
OXIDATIONS OF THE BRAIN. 



By JUDA HIRSCH QUASTEL 
AND ARNOLD HERBERT MAURICE WHEATLEY. 

From the Biochemical Lahoratory, Cardiff City Mental Hospital. 
{Received Ang%ist 29th ^ 1933.) 

An investigation into the effects of narcotics on the oxidative processes of the 
brain has shown [Quastel and Wheatley, 1932, 1, 2] that these substances exert 
specific inhibitions at low concentrations. The oxidations of glucose, sodium 
lactate and sodium pyruvate are markedly affected whilst those of sodium 
succinate and p-pheiiylenediamine are unimpaired. This generalisation holds 
for all narcotics investigated, the inhibitory power varying, among narcotics of 
the same chemical type, •with the hj^pnotic activity. A view of the mechanism 
of narcosis, which fits the observed facts, is that the narcotic is adsorbed from 
the blood-stream at a specific area or centre of the nervous system. Here it 
diminishes the ability of the cells constituting the nervous centre to activate 
lactic or pyruvic acid and in this way inhibits the oxidation by these cells of 
glucose, lactic or pyimvic acid. The activation and access of oxygen remain 
unimpaired, but, in consequence of the inhibition of oxidative powers, a lowered 
amount of energy is available to the narcotised nervous centre for the accom- 
plishment of its functional activity. Narcosis — or a depression of the normal 
activity of the centre in question — may then ensue. In spite therefore of the 
fact that oxygen is freely available, a state equivalent to partial anoxaemia 
exists at those areas of the nervous centre where the narcotic is adsorbed. The 
results of experiments carried out under anaerobic conditions (oxygen being 
replaced by methylene blue) show that the adsorption of the narcotic is re- 
versible, a competition taking place between lactic acid and the narcotic for 
possession of the active surfaces in the nervous centre [Davies and Quastel, 
1932]. 

A development of this work now shows that there exist substances, normal!}^ 
produced in the body, whose effects on the oxidative processes of the brain 
closely resemble those of the narcotics. This result is of particular significance 
ill the stiidj?- of mental disorder. .Recent investigations [McFarland, 1932] have 
indicated that the psychological reactions following anoxaemia and light nar- 
cosis closely resemble those found in certain psychotic disorders. It is not un- 
reasonable to consider that if substances normally produced in the body have 
effects similar to those of the narcotics and can induce an anoxaemia in the 
nervous system, they may be held, when present in the blood- stream in more 
than ordinary quantities, partially responsible for psychotic manifestations. 

The substances in question have been found to be chiefiy degradation pro- 
ducts derived from tyrosine and tryptophan. 
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Experimental method. 

The technique employed in this investigation has been described fully in 
previous papers by the WTiters [1932, 1,2] in which all details are available. 
The method consists, briefly, hi allowhig mixed (whole) brain tissue, usually of 
the guinea-pig, to take up oxygen at 37° in a Barcroft respirometer until' the 
rate of uptake has faUen to between 50 and 75 % of the initial value. After 
this period (about 24 horn's) glucose, sodium lactate or other metabolite under 
investigation is added to the tissue and the new rate of oxygen uptake deter- 
mined. This rate is compared with that obtained by brain tissue exposed from 
the commencement of the experiment to the substances whose narcotic effects 
are the subject of this study. 

The experiments are carried out on 0-5 g. tissue (made as homogeneous as 
possible by chopping with a scalpel) in a saline-phosphate (Jf/15) medium at 
an initial pjj of 7-4. The amines etc. are dissolved in saline and brought to 
neutrality before adding to the brain tissue. Measurements of Og uptake are 
made at 15 minute intervals, all the Barcroft vessels containing air Experi- 
ments have been carried out with bram (cortex) slices in an atmosphere of 
oxygen, but, since it appears a characteristic feature of brain that mincing or 
chopping in the maimer described does not appreciably affect its oxidative 
mechanisms (so far as the substances mentioned in this paper are concerned) 
and since the magnitude of the of brain slices (in oxygen) is much the same 
as that of mrnced bram (in an), the vniters have conned themselves almost 
exclusively to work mth the minced tissue. The results which have been ob- 
tained with brain shoes are in agreement with those with the minced tissue. 

Besidts. 

The amounts of oxygen consumed by 0-5 g. guinea-pig (whole) brain tissue, 
normally and when exposed to various amines (usually at a final concentration 
of 0-12 %), in presence of glucose, sodium lactate, pymvate, sueoinate and 

Table I. nim.^ 0^ talcen up in 2 hours at 37° by 0-5 g. guinea-pig brain tissue, 
normally, and in the presence of various amines, after 2i hours’ oxidation 
prior to the addition, of glucose, sodium lactate etc. 

Metabolite. 




Amine 0*12 % 
Koiie 

/S-Phenyletiiylamii3,e 
^-Pheii37i-^-liydrosy- 
etliyianiine 
^-3:4: 5-TrimetIioxy- 
phenylethylamine 
(Mescalme) 
Tyramine 
Indole* 
isoAinyiainine 
Neurine 
Cadaveriiie 
Fiitrescine 
Etliylamine 
Hista-minef 


Saline 

Glucose 
0-025 % 

287 

615 

303 

462 

331 

486 

313 

392 

242 

285 

184 

376 

208 

287 

290 

672 

317 

570 

321 

601 

369 

605 

315 

670 


Sodium Sodium 

lactate pyruvate 

0-025 1/ 0-0251/ 

721 785 

594 520 

576 537 

480 455 


Sodium 

Sodium 

succinate 

glutamate 

0-05 J/ 

0-05 Jf 

1698 

591 

1739 

426 

1808 

482 

1744 

436 

540 

275 

1558 

221 

1678 

298 

1584 

573 

1780 

569 

1660 

540 


O-o cc. of a saturated solution of indole in saline at 37° 
tile sMine-piiospliate medium, the final volume being 4 cc. 

T Present as 0*12 % histamine acid phosphate (neutralised). 


296 

415 

302 

848 

686 

717 

805 

813 


293 
413 
342 
788 
613 
642 

-- 1585 — 

877 1700 652 

w^as added to tiie brain tissue in 



I 
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ulutainate are recorded in Table I. The amounts given are those found in typical 
experiments and afford a basis for comparison of the inhibitory effects of certain 
amines on brain oxidations. They are the values obtained after the brain tissue 
had been allowed largely to deplete itself of oxidisable material by shaking in 
air at 37^^ for 2| hours prior to addition of the metabolites under investigation. 
The amines had been added to the brain at the commencement of the experi- 
ineiit so that exposure to these substances had occurred for hours before 
metabolites were added. 

Normally under these experimental conditions constant and reproducible 
results may be obtained [Quastel and Wheatley, 1932, 1]. The values of the 
amounts of ox^^^geii taken up by untreated guinea-pig brain in presence of 
various metabolites are shown on the first line of Table I. The rest of this table 
shows the effects of exposure of the bram tissue to various amines on the 
aiiioiiiits of oxygen consumed. Calculations of the percentage inhibitions effected 
by these amines on the extra oxygen uptakes due to the addition of metabolites 
are shown in Table II. Included in Table II, for purposes of comparison, are 


Table II. 


Amine 0*12 % 

jS-Phenyletlijdamine 

jS-Phenyl-p-liydroxyethylamine 

Mescaline 

Tyramine 

Indole*** 

isoAmylamine 

Neurine 

Cadaverine 

Putrescine 

Histamine 

Narcotic 0*12 % 
Allylisopropylbarbiturie acid 
Plienylethylbarbituric acid 
Hyosciiie 
Cliloral 


''illihition by 
5 to various ‘ 

amines of extra oxygen uptakes 
metabolites. 

Sodium Sodium Sodium Sodium 

Glucose 

lactate 

pyruvate 

succinate 

glutam.ate 

52 

33 

44 

0 

60 

53 

44 

54 

0 

50 

76 

62 

72 

0 

59 

87 

88 

88 

79 

89 

41 

47 

54 

3 

87 

76 

79 

73 

0 

70 

0 

0 

0 

8 

7 

26 

15 

41 

0 

17 

15 

9 

36 

5 

28 

0 

0 

0 

2 

0 

73 

71 

67 

2 

28 

94 

79 

85 

0 

50 

79 

73 

71 

0 

60 

66 90 

* See footnote, p. 1610. 

90 

0 

62 


the percentage inhibitions of oxygen uptakes effected by typical narcotics 
allylisupropyl- and phenylethyl-barbituric acids, hyoscine and chloral— the 
experiments being carried out in the same manner as for the amines. 

A characteristic feature of narcotic activity is the large inhibitory effect on 
the oxidations of glucose, sodium lactate and pyruvate, and little or none, at 
the concentrations used, on that of sodium succinate. It will he observed from 
Tables I and II that there exists a similar behaviour on the part of a number 

of amines. . i t i 

Whilst cadaverine, putrescine, neurine and ethylamine have relatively little 
action on the oxidation of glucose or sodium lactate at the concentrations used, 
tyramine, jS-phenylethylaniine and j8-phenyl-^-hydroxyethylamine have rela- 
tively large inhibitory effects. Mescaline (jS-3 : 4 : 5-trimethoxyphenylethyl- 
amiiie), well known for its production of visual hallucinations and used^of late 
in psychiatric studies, has similar large effects. Indole^ and $ 5 oaniylamine also 
have considerable inhibitory actions, but histamine is without effect. 

^ Skatole is also highly effective in. diminishing the oxidation of glucose by biain. 
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A notable feature is the exeeptionaUy toxic action of tjn-amine Whilst t 1 , 
other derivatives of tjTosme exert specific effects similar to the mrrtV 
tyramiiip has a considerable inhibitory action on the oxidation of sr>rr' 
cimte This would indicate a more ttddespread inhibition of the oxidatiw cWes 
of the biaui by tjTamine than by the basic amines and narcotics so far inv^S'’ 
gated. Another point of some interest is the inhibitory action of caria 

and pntrescine on the oxidation of sodium pvTuvate with relativelv Httl 
on that of glucose and sodium lactate. lelatively little effect 

Ihe results as a whole show clearly that amines of the aromciiiV +,. x 

gather with isoamylamine, exert effects upon brain oxidations whte) ii' 

those of the narcotics. There is the same ^elativety ^ 
the oxidation of glucose and sodium lactate and excen+ln ^ actioni on 
. lack of ofloct o'„ the oxidation of Ztm ZiS'^ TL^tiTr 
glutamaf. io <d.,o considerably affected “ 

teagmtndc of tto effecte is of the same oriS “tLT JL Ur&r, , TE' 

concentrations used. narcotics at the 

Yhilst the explanation of this behaviour of the amines Ja T-n.0.1 1 1 • m 

Mmiy of tlie substances studied are normally ’ produced in i 

Summary. 

fc ->““»» of on 

tively httle effect on tbp^^’ ethylamme and histamine have rela- 

sodium su^ ®°dium lactate or 

inhfctfng Ie“ “ ~ation of auiine (or of narcotic), definite 

tration was ctaen 0 I ^ 0'12 % • The latter concen- 

speeificity of behaviour ^ ® experimental erroiCand clearly to indicate the 
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4. Tlie bearing of these results on the study of certain types of mental 
disorder is considered. 
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CCXX. STUDIES IN ZYMASIS^. 

IV. THE ACCUMULATION OF ZYMASIC PRODUCTS 
IN APPLES DURING SENESCENCE. 

By JOHN CARTER FIDLER. 

From the. Department of Botany, Armstrong College, Newcastle-upon-Tyne. 
{Received July 26th, 1933.) 

Zjmsis may be measured either in terms of the COj which escapes or hi terms 
of the products wliich accumulate^. Iii the work described in the present and 
in the ne-xt two papers we have usually employed the “alcohol number” to 
evaluate zymasis. This number denotes the sum of the concentrations (in o- per 
unit mass fresh weight of tissue) of ethyl alcohol and of acetaldehyde found in 
the iriiit by analysis at any time. 

/ T throughout this work were stored for us in air for two seasons 

(19..9 JO and 1930-31) at the Low Temperature Research Station, Cambridge 
and for one season (1931-32) at the Ditton Laboratory, East Mailing, whence 
they were sent to Newcastle by post^. 

In the present paper we report the changes we have found in the alcohol 
number by analysing apples (a) immediately after their arrival from low temnera- 
tui-e stores at different times during the storage season (see Table I and Pig. 1) 
and (6) after subsequent exposure to air under the experimental conditions 
p^ 9 )^"^*^ ™ described in the next two papers « (see Table II and 

This IS the first time that data concerning zymasis in air by apples have 
been collected throughout a storage season. 

It had earlier been reported that whereas zymasic products do not accumu- 
late m Newton Wonder apples in early storage [Thomas, 1925], zymasis occurs 
in several varieties of apples and pears during the oxidase browning that follows 
mjury or physiological disease [Thomas, 1929], So far as we know, however 
fA. published for older apples before browning begins, although 

Bartlett pears it is known that “ripening” is accompanied by a type of 
zj^asis durmg winch acetaldehjMe accumulates in relatively high concentra- 
tions [Harley and Fisher, 1927]. 

f oonstitate Parts I, II and III of “Studies in Zymasis” : Thomas, 

BiULjitm. J. 192o, 19, 927; Ann. Appl. Biol. 1929, 16, iAA-, 1931, 18, 60. 

zymasis we mean the process of zymase cleavage of carbohydrates that leads to the pro- 

amountstS “d often of acetaldehyde (but in relatively smaUer 

Tw issues and the simultaneous production and escape of carbon dioxide. 

these jn T! Cambridge, and Dr West of East Mailing, for arranging that 

y . pp es s rould be stored for us in rooms kept at a constant temperature at these Stations. 

control number which are given in Section III constitnte the 
’ ° I ® ®^P®uiuents carried out during the storage seasons 1929-30, 1930-31, 

o™“nStrerJ °i “'I acetaldehyde by apples in nitrogen, and in nitrogen: 

of this series ' of these experiments form the subject matter of papers V and TI 
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I. Material. 

Newton Wonder and Bramlej^’s Seedling apples picked from trees in Mr 
Caleb Lee’s orchard at Swaiiley, Kent, have been used in the major experiments 
which are described in this and in the two following papers. The apples were 
stored for ns in air at 1 ° in the season 1929-30, and at 4° in the seasons 1930-31 
and 1931--32, Samples have been sent to ns by post for these researches^. 

II. Methods. 

(i) Tim estimation of the alcohol number. 

The method of estimation of the alcohol number will be reported in a later 
paper in this series. It is essentially that used by Thomas [1925], but modified 
so 'that ethyl alcohol and acetaldehyde may be estimated in the same steam 
distillate. 

Ill the present paper we generally express our results in terms of the ''per- 
centage alcohol number.” This means the sum in g. of the masses of ethyl 
alcohol and of the ethyl alcohol equivalent of acetaldehyde found in 100 g. 
fresh iveight of fruit at the time of the analysis. The data in Table III, show 
that ill these experiments the amount of acetaldehj^de which accumulated 
was usually negligible wdien compared with that of ethyl alcohol. Hence, in 
the present work, the alcohol number is virtually a measure of the ethjd alcohol 
content of the fruit‘d. 

(ii) Experimental procedure. j 

When apples were received from cool storage, a sample was immediately 
analysed to determine the percentage alcohol number, i.e. the amount of zymasic I' , 

products which had acciimulatedr in 100 g. fresh weight of the fruit during ! 

storage at 1° or 3-4°, plus a day in the post. This number will be termed the 
percentage alcohol number of the '‘storage controls.” 

The remaining apples were then used to determme the percentage alcohol 
numbers of what we shall term in this present paper and in Part VI of this 
series the "conditions controls.” To obtain this number, the a]3ples, before they 
were anatysed, were exposed for a period to the conditions stated below. 

The sample of fruit was weighed and placed under a glass hemisphere with 
a wide equatorial flange, wiiich was then fixed to a ground glass plate by means 
of paraffin wax. Through the pole of the container passed inlet and outlet tubes 
for the air stream. The fruit chamber was secured to an iron frame and 
immersed in a water-bath, the temperature of which was kej)t within 0-2° 
of 23^" by means of a thermostat. CO^-free air was drawn through the chamber 
at the rate of 2 litres per hour for a period of 120 to 140 hours. The issuing gas 
was bubbled through 50 cc. of concentrated sulphuric acid in a wash-bottle to 
trap any transpired alcohol. At the end of the period of exposure to the higher 
temperature, the fruit was re-weighed and analysed. The acid from the wash- 
bottle was added to aqueous potassium dichromate, and when oxidation was 
complete the mixture was distilled. The amount of alcohol transpired was calcu- 
lated from the acetic acid value of this distillate.. In Table II allowances have 
been made for this transpired alcohol. 

1 We are deepty indebted to Dr West for arranging to secure these varieties from asingle orchard, 
and for sending samples from the air stores at the times we wanted them for onr experiments. 

2 This is not always the case. Thus, for example, after COo-zymasis [Thomas, 1925], the ratio 
ethyl alcohol/acetaldehyde is sometimes less than 2/1. The alcohol number would then be over 
50 % greater than the ethyl alcohol content of the fruit. 
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III. Results. 

Tlie results for the storage controls are given in Table I and Fio-. i 
Tal)l(3 II and Fig. 2 deal similarly with the conditions controls. In Tabirilf 
are given the amounts of acetaldehyde and ethyl alcohol found in ajiples at 
different times during the season 1931-32. The figures in this table have been 
extracted from the figures for the percentage alcohol number given in Tables I 
and II. 


Table I (see Fig. 1). Percentage concentration of 2yroducts of zymasis 
in air-stored apples {storage controls ) . 





Percentage 

Variety 


Days in 

alcohol 

of fruit 

Date 

store 

number 

Newton Wonder: 



Season 

2i. iv. 30 

1951 


1929--30 

16. V. 30 

225/ 

0*008 


5. vi. 30 

250 

0*030 


12. vi. 30 

255 

0*025 


19. vi. 30 

265 

0*030 


25. vi. 30 

270 

0*025 

Season 

17. vii. 30 

From orchard 

0*004 

1930-31 

25. ix. 30 



0*003 


20. X. 30 

27 

0*005 


9. i. 31 

105 

0*010 


15. i. 31 

112 

0*011 


23. i. 31 

120 

0*020 

,, Season 

1. vii. 31 

From orchard 

0*004 

1931-32 

18. vii. 31 


0*004 

: 1 , ; 

30. viii. 31 

•*» 

0*004 


28. X. 31 

28 

0*005 


9. xii. 31 

70 

0*003 


6. i. 32 

97 

0*007 


27. i 32 

119 

0*019 

r . ' . 

25. ii. 32 

147 

0*018 

Bramley’s Seedling; 



Season 

13. xi. 30 

50 

0*015 

1930-31 

20. xi. 30 

55 

0*010 


7. i. 31 

105 

0*015 


21. i. 31 

120 

0*030 


28. i. 31 

127 

0*033 


6. ii. 31 

135 

0*025 


11. ii. 31 

142 

0*030 


4. iii. 31 ■ 

165 

0*050 

Season , 

1. vii. 31 

From orchard 

0*003 

1931-32 

18. Yii. 31 


0*004 


30. viii. 31 

3? 

0*004 


10. xi. 31 

40 

0*018 


6. i. 32 

98 

0*014 


16. iii. 32 

170 

0*025 


l.iv. 32 

185 

0*045 


Kemarks (state of fruit, etc.) 


Sound 

Superficial scald 


Very young. Green. Av. wt. 12 g. 
Young. Green. Av. wt. 120 g. 
Green-yellow. Sound 
Yellow-green. Wilted 


Very young. Green. Av. vi:. 8*5 g. 


Hard. Green " 

Green to yellow-green 
Yellow. Internal breakdown 
Green-yellow. First sign of wrinkling 
YeUow. Wilted 


Hard. Green 
Green 

Green. Wilted. Keeping badly, soft 
spots on fruit 

Green-yellow. Slightly wilted 

Green-yellow. Badly wilted 
Badly wilted and scalded 

Small. Green. Av. wt. 23 g. 

40 g. 

Y'oung. Green. Av. wt. 125 g. 

Green 

Green-yellow 

Green-yellow. First sign of wilting 


IV. Conclusions. 

mu 1 in ageing apples of the alcohol number of storage controls. 

The data reported ui Table I, and charted in Fig. 1 confirm the earlier obser- 
atioiis of Thomas [1920] that the concentration of zymasic products in JYewtoii 
Wonder apples early m the storage period does not rise above 0*005 % in cool 
storage at 1--4 . The alcohol numbers for the storage controls of Bramley^s 
fe^ediiiig apples during this same period were usually higher than those for 



I 


I 


I 
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Table II (see Mg. 2). Increase in the percentage alcohol number in apples 
in air at 23° in the respiration chamber {conditions controls). 


No. 


of 

exp. 

State of fruit 

1 

2 

Newton Wonder. 

Season 

1930-31: 

'( 

Wilted. Superficial 
scald 

Season 

1930-31: 

20 

Green. Hard. Young 

A 

B 

Y ello w-green , wilted 

AobIIow, wilted 

Season 

1931-32: 

76 

Green. Hard. Very 
young 

C 


84 

,, 

98 

Green 

112 

Green to yellow’-green 

128 

Green-yellow; jfirst 
sign of w'rinkling 

H 

?? 

133 


Braiiilty’s Seedling. 

Season 1930-31 : 

I) 

Green. Hard 

E 

Yellowy-green, slightly 
wilted 

46 

5? 

47 


48 

Green-yellow 

49 

Yellowy-green 

55 

56 

Yellow. Badly scalded 

Season 

1931-32: 

75 

Green. Hard. Very 
young 

F 

?) 

88 

,, 

105 

Green 

120 


137 

Green-yellow 

141 

Green-yelloW'”; first 
sign of wilting 


Date exp. 
begins 
3 


Dura- 
tion of 
exp. 
(lirs.) 
4 


No. of 
apples 


Wt. of sample 


in Initial Final 


sample 

5 


Percentage 
alcohol number 
after 100 hrs.’ 
exposure to air at 
23*^ following low 
temperature 
storage (allowing 
for transpired 
alcohol) 

8 


Increase in 
percentage 
alcohol 
number 
during 
100 hrs.’ 
exposure to 
air at 23° 
9 


11. vi. 30 


1. X. 30 
9. i. 31 
16. i. 31 


8. vii. 31 


17. vii. 31 

26. viii. 31 
28. x. 31 
10. xii. 31 

27. i. 32 


10. ii. 32 
24. ii. 32 


20. xi. 30 
23. i. 31 


29. i. 31 

29. i. 31 

30. i. 31 
30. i. 31 

5. iii. 31 

6. iii. 31 


8, vii. 31 


17. vii. 31 
2. ix. 31 
11. xi. 31 
6. i. 32 
16. iii. 32 
31. iii. 32 


1144 

1 

— 

72-0 

0-150 

0-120 

142 

1 


100-5 

0-017 

0-014 

1174 

1 



333-5 

0-025 

0-015 

12l| 

1 

— 

97-5 

0-150 

0-140 

1164 

12 

67-0 

60-0 

0-024 

0-02 

113 

6 

134-5 

132-5 

0-019 

0-014 

122 

3 

212-0 

201-0 

0-019 

0-015 

140 

2 

321-0 

312-5 

O-Oll 

0-007 

1414 

2 

279-0 

270-0 

0-013 

0-010 

1404 

1 

97-5 

97-0 

0-034 

0-015 

1194 

1 


_ 

0-077 

0-060 

138“ 

1 

87-0 

83-5 

0-040 

0-022 

1184 

1 

141-0 

138-0 

0-022 

0-013 

117“ 

1 

— 

125-5 

0-090 

0-060 

116 

1 


170-0 

0-093 

0-060 

116 

1 



130-0 

0-100 

0-060 

116| 

1 



177-0 

0-076 

0-043 

1164 

1 



160-0 

0-073 

0-037 

1 16“ 

1 



147-0 

0-200 

0-150 

118 

1 

— 

233-0 

0-220 

0-170 

1164 

8 

172-0 

161-5 

0-010 

0-007 

113 

e5 

192-5 

189-5 

0-010 

0-007 

1401 

2 

218-5 

218-0 

0-016 

0-012 

115f 

1 . 

207-5 

202-0 

0-070 

0-052 

1384 

1 

158-0 

157-5 

0-074 

0-060 

140“ 

1 

167-5 

164-0 

0-110 

0-090 

1164 

1 

127-5 

126-0 

0-100 

0-050 


Up to May 1931, the weight used in amviiig at the pei'centage^concentmtion of pro 


weight of the apple.' After this it was realised that the use of the final weight was open to objection, and smee then th 
initial weight has been used. The loss of weight is never more than 6 % in a sound apple and is usually of the ordei of 
1 to 3 % and as all the figures in anv series are calculated to the same basis, the error is not sciious. , 

The original experirnenl-al niimbem are retained for the convenience of such readers as may have access to Fidler s Ph.D. 
thesis [1932], 


The percentage alcohol numbers given in column 9 represent the difference betiveen colu^^^^^^^ tem^usod ar'i^S^for 
■ ^ ^able I. They constitute the conditions control values which weie u-sed as a joi 


oXfto [Thomas and Fidler, 1933, Section II], 


Newton Wonder apples, but did not significantly exceed 0-015 % . We infer that 

the rate of production of ethyl alcohol in storage controls during the earlier phase 
of storage is very slow. If zymasis and cell oxidations are linked processes, tins 
slow rate may be due to the vigour with which some precursor of ethyl alcohol 
is oxidised during this phase. 




bt" rv -f-l 

' 7 ii' 

IP 
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Table III.^ Prodmtion. of acetaldehyde and ethyl alcohol in air by Newloji 
Wonder and Bramley’s Seedling a^pples during 1931-32. 

g. per 100 g. apple 


Time of 
analysis 

Wlieii received from 
store 


Folio vdiig 100 Iiours’ 
exposure to air at 23® 


Variety of 
apple 

Newton 

Wonder 


Bramley’s 

Seedling 


Newton 

Wonder 


Bramley’j 

Seedling 


Number 
of exp. 


76 

84 

98 

112 

128 

H 

75 

88 

105 

120 

137 

141 


Date 

1. vii. 31 
18. vii. 31 
30. viii. 31 
28. X. 31 
9. xii. 31 
6. i. 32 

27. i. 32 

25. ii. 32 

1. vii. 31 
18. vii. 31 
30. viii. 31 
10. xi. 31 
6. i. 32 
16. iii. 32 

1. iv. 32 

8. vii. 31 

26. viii. 31 

28. X. 31 
10. xii. 31 

27. i. 32 

10. ii. 32 

8. vii. 31 

2. ix. 31 

11. xi. 31 
6. i. 32 

16. iii. 32 
31. iii. 32 


Acet- 

aldehyde 

0-0005 

0-0006 

0-0005 

0-0003 

0-0004 

0-0005 

0-0008 

0-0028 

0-0002 

0-0005 

0-0010 

0-0009 

Nil. 

0-0019 

0-0026 

0-0018 

Nil 

0-0007 

0-0006 

0-0036 

0-0032 

0-0005 

0-0006 

0-0024 

0-0033 

0-0043 

0-0047 


Ethyl 

a.Ico.!:ic)l 

0-003 

0-003 

0-004 

0-004 

0-003 

0-007 

0-018 

0-015 

0-003 

0-003 

0-003 

0-017 

0-014 

0-024 

0-042 

0-022 

0-019 

0-011 

0-013 

0-030 

0-074 

0-009 

0-015 

0-067 

0-071 

0-108 

0-090 


The change in colour of an apple to a vellow-oreen aurl j-i 

moidence of severe siting and superficial scaldf which occurs when the apple 
aye only external indications of the physioloofcal state^of 
he trmt. In wfited apples the skin can readily be pusheSo rXsaJflato 
becomes noticeably wrhikled. Superficial scald meaL that there arf dry brotn 
patches 3ust under the skin: this condition may be succeede^ry deeSd In 

^ Wonder and Bramley’s Seedlina 

SeTnrartr r g^een-yeUow, the alcohol numbers of thf 

ppies rise, and as the apples become more yellow and wilted the graDli of the 

that this rise m the alcohol number is compounded of a rise in both the etbvl 
an ak sCr browning, from 

zymasis ° 1111 i, 1 s /“ ventilated may indicate tie occurrence of recent 
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It appears, therefore, that the rate of zymasis after a slow initial period of 
Taryiiig extent becomes increasingly accelerated as the apples age further. 
Possibly there is alwa^^s a critical phase in the storage life of the fruit when 
certain changes becoin.e auto catalytic. Thus in a rough grouping of Newton 
Wonder apples we might place in one class those apples in which the percentage 
alcohol number is not greater than 0*005, and in the other those apples in which 
the alcohol number is steadily iiicreasmg bejT'ond this figure. Similarly, for 
Braiiiley’s Seedling apples, the line of demarcation may be placed at 0*015. 
Ill our view apples in the second class (i.e. those which have reached the critical 
phase) cannot be regarded as physiologically healthy, for, in our experience, 
wlieii zymasis becomes relatively rapid the browning of the flesh tissue is not 
far distant. 


1 



Eig. 2. Percentage alcohol number in apples after 100 hours’ exposure to air at 23®, following 
(a) removal from the tree during the grooving period, or (6) low temperature storage 
(1930-31)^ 

(ii) The increase in ageing apples of the alcohol number of conditions controls. 

The data in column 9 in Table II and the differences in the heights above the Ii' 

x-axis of comparable points in Figs. 1 and 2, show that the effect of placing ;| 

^ We have never observed the alcohol number of an apple to rise until some months after 
it is removed from the tree. Accordingly, part of the graph for Braniley’s Seedling apples during j 

1931-32 has been drawn with a broken line at a level which we consider approximately to ; 

represent the true state of affairs. 




Fig. 1. Increase in percentage alcohol number in apples during storage. 


1620 


J. C. FIDLER 


Bramley’s Seedling apples^ in a closed space in movin-. 
ail at ^3 at any time m the storage season is to increase the alcohol numbei- a'’ 
riras, for example, except in young Bramley’s Seedling apnles the i i’ 
number lor aples after 5 daj^’ exposure to air, under experimentkl conditil 
at 3 , IS higher than in apples received from a 4° store 1 to 2 months later 
The_ cause ol this may only be suggested. The two factors that, either toVethT; 
or singly may influence zymasis are humidity and temperature. Of thetffekt 
of humidity as a single factor, nothing is known. It may well be that the 
question is related to temperature alone. Although the teninerature of ii 
experiment is 20° above that of the store, yet it is only 8° above the averse 
temperature of the laboratory, so that the oxygen content of the n 

.pace, of tt. fruit uhould still be adequ.te fo,^erobrtS^pL2^ 

It is v eil knoimi that increase m temperature accelerates the rate of senes 
ceiice 111 apples. Possibly one of the features of senescence is the promessive 
retardation of oxidative processes, and this may be the factor whiSi leadTto 
tilt obstr’ved. increase in the alcohol iiiimber. 

Chains in the alcohol number of the conditions controls at different periods 
m the storage season pomt to the same conclusions that we reached frL t£ 
data given in the last sub-section. Thus the form of the graphs for thrcSi'n, 
controls 1. 3M1.J. to that of the gr.ph. in Kg, 1 Ste ^r^ o ^ 

rise m the alcohd number occurring at the same state of the fruit®. Once more 
the results (see Table II) may be divided into two groups. Before a certiin 
tba^of alcohol number of a conditions control, although higher than 

Se “k ’ relatively low. Later, when senescent characters 

are seen the disturbance m metabolism leading to zymasis becomes increasino-lv 

..un.h»T£ 

Summary. 

1. Little zymasis occurs in Newton Wonder and Bramley’s Seedling apples 
at the begmmng of the storage season and up to the begim^a of the Sac 
from green to yellow-green, when these varieties are stored in ah at 1-4“ 
of th'e IS accompanied by a change in the respiratory metabolism 

g,f • 1 11 fruit, leading to the accumulation in an apple stored in air 

of considerable amounts of ethyl alcohol and smaUer amounts of afeteldeWr 
i.e. the alcohol number of the apple rises. acetalUelij de, 

3. Increase of temperature, which is known to accelerate the rite nf 
senescence m an apple, leads to an increase in the alcohol number of the apple^ 

» It is°not cLiiked th f substances [see e.g. Thomas and Kdler, 1933]. 
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CCXXL STUDIES IN ZYMASIS 
¥. SEASONAL FLUCTUATIONS IN ZYMASIS AND IN 
CARBON DIOXIDE/ALCOHOL NUMBER RATIOS 
IN APPLES IN THE ABSENCE OF OXYGEN, 

By JOHN CARTER EIDLER. 

From the Dej^artmerrt of Botany, Armst/rong College, Newcasile-iqmn-Tyne. 

{Received July 26fF, 1933.) 

Towabds tlie end of the niiieteentli century it was realised that the ceils of 
many higher plants could form ethyl alcohol in the absence of oxyg'eii [see 
literature quoted by Kostytschew, 1927], and several -workers made siiiiul- 
taiieoiis nieasurenients of the production of eth 3 d alcohol and CO^ in aiiaerobiosis. 

Recent comparisons of anaerobic and aerobic metabolism" have led to an 
alteration of biological outlook on cell respiration in animals, 3 ?-east and bacteria. 
It was shovm by Blackman [1928] that the cells of higher plants Ml into line 
with those of other organisms. Blackman based his conclusions on measurements 
of the CO 2 output of stored Bramlej^’s Seedlmg apples in air and in nitrogen. 
At that time he made the primary assumption in his paper that the ratio C0.>/ 
ethyl alcohol in the anaerobic respiration of this variety is unity. For example, 
he wrote, '‘in nitrogen, Group D (by wdiich he implies intermediate compounds 
between iiexoses and ethyl alcohol) proceed quantitatively to the two final 
products CO 2 and alcohol in the usual ratio,’' and, ‘dt'will be held that for 
one atom of carbon thus detected (as GO 2 ) there are two atoms of carbon ex- 
creted into the tissues as alcohol.” Actually, as will be pointed out later, the 
precise ^ value of the ratio COg/ethyl alcohol, although affecting his arithmetical 
deductions slightty, does not influence his main argument. Some of his con- 
clusions, however, are onh' valid provided the ratio, whatever may be its 
magnitude, keeps constant throughout the storage season. It was the aim of 
t-he present investigation to test whether this was the case. The €|iiaiititative 
methods of estimating ethyl alcohol and acetaldelijxie, which will be described 
in a ^ later paper, have been emplo^md to determine the 002 /alcoliol number 
[see I idler, 1933] ratio in selected varieties of apples placed under anaerobic 
conditions at difierent times during the storage season. The results for Bramiejj^’s 
Seedlmg and Newton Wonder apples are given in Section I, and the results of 
preliminary measurements of the GOg/alcohol number ratio in several other 
varieties of apples are showui in an appendix. 

Mateeials and methods. 

_ ^ The apples used w^ere from the population used throughout this work [Fidler, 
1933]. They w^ere placed in the apparatus alread^^- described [Fidler, 1933] at 
a teiiiperatiire of 23^. The gas stream, after passing through the fruit chamber, 
bubbled through a w’-ash-bottle containing sulphuric acid (as described in the 
first paper), and then through a Pettenkofer tube containing 60 cc. of standard 
baryta. These tubes were changed at intervals. 





f 
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After the apples had attained, the temperature of the bath, air was drawn 
tliroiigii at a rapid rate for a period varying between 18 and 24 hours. The 
air-line thus being fixed, the air ciiiTent was changed for pure nitrogen at the 
standard rate of 2 litres per hour^. 

The nitrogen used in the experiments was commercial cylinder nitrogen, 
and was found to contain between 0-5 and 1-2 % oxygen. This was removed 
by passing the gas over copper which was .heated electrically to 650-700'", Gas 
analyses of the purified gas showed that this treatment reduced the percentage 
of oxygen to less than 0-05. 


i GROWTH PERIOD 


STORAGE PERIOD 


L Rates of OOa-production ( — — ), and rates of increase in the alcohol number (••••) in 
Newton Wonder apples in nitrogen at 23°. Ordinate: g. CO 2 produced by 100 g. fruit during 
100 hours or increase in alcohol number during 100 hours 


STORAGE PERIOD 


GROWTH PERIOD 


2. Rates of C02“prodiiction { ), and rates of increase in the alcohol number ( • • • 

in Bramley’s Seedling apples in nitrogen at 23°. Ordinate: g. CO 2 produced by 100 
fruit during 100 hours or increase in alcohol number during 100 hours. 


At the end of the exposure to the gas (4 to 5 da^^s), the fruit was removed 
from the apparatus, weighed, and the alcohol number was estimated. The CO 2 
absorbed by the baryta was estimated titrating the barium hydroxide- 
carbonate mixture against standard liyuiro chloric acid using phenolphthaleiii 
as an. indicator. 

Part of the same sample of fruit was analysed immediately on being received, 
and the alcohol number thus obtained was subtracted from that found in the 
above experiment, in order to get a measure of the effect of the absence of oxygen 
on zTOiasis, 

^ The rate of passage of the gas stream was measured in the first instance by collecting the 
emergent gas in a graduated jar over water. The rate of bubbling through a wash-bottle cori- 
taiiiing KOH (to remove CO 2 from gas entering the apparatus) was then noted. This rate of 
bubbling was reproduced in subsequent experiments. 
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Results and Conclfsions. 

From the data for the alcohol number in column 10 of Table I ind +i, 
gK^)hs Of these data in Figs 1 and 2, Ave see that in both Bramlev's Seedli w 
apples the average rate of anaerobic zymasis over a period 
of 100 hours appears to fall sharply from the value for samples of wowina annh!! 
in late Ju y to that for fully grown green apples. These changes for growing 
apples will be lurther investigated in the future. Our results for fully o-rown 
s ored apples suggest that during the early stage of storage the rate of aLerobie 
■' Adiiges but little. When, however, the colour change from meen to 

yellow .sets jn, the rate of anaerobic zymasis appears to be accelerated 

■’ anaerobic conditions 

fluctuates seasouaUy m a similar fashion (column 9, Table I, and Figs. 1 and ^>1 

the aAXTage rate of CO^ output during a period of 100 hours of anaerobiosis 

falls sharply durmg the later phases of growth to a value which does not chano-e 
sigmfacantly during the early phases of storage. The graphs suggest that the 
jSLf output by apples undj anaerobic conditions increask^ as thevturn 
>cilovv. If a, ooimection IS assumed to exist between anaerobic and aerobic pro 

exn^X ff S^^i orchard life, is what would be 

expected Irom the published results of other workers for the CO, outnut of 
apples m air [see Hardy, 1933]. output ot 

“y* deduction to be made from the present data is that 

2 'alcohol number (Table I, column 11) does not alter significantlv 

zviudri^lT^n°^\“ seasonal changes in the rates of anaerobic 

ItTh lyolnmn 10), and anaerobic 00^ output (Table I, column 9). 

magnitudes fluctuate proportionallv and 
^ cone usion is borne out by the parallelism of the courses followed by the 
graphs for the alcohol number and COa-output in Pigs. 1 and 2. ^ 


Table H. Mean values for CO^j alcohol number in stored Newton Wonder 
cmcl Bramley^ s Seedling apples. 


Variety 

I^e-wtori 

Wonder 


Bramley’s 

Seedling 





No. of' 

Season 

1929-30 

Mean value of 
COo/alcoliol 
number 

100 : 8S-5 

Deviation 
from mean 

± 2-5 

measurements 
from wliicii 
mean value is 
calculated 

2 

1930-31 

100 : 89 


4 

1931-32 

100 : 87 

\ O 

i: 6 

3 

1932-33 

100 : 65*5 

i + 8 
{ - 0 

6 

1929-30-31-32-33^' 

100 : 72-0 

1+27 

1-16 

15 

1930-31 

100 : 92 

0 

3 

1931-32 

100 ; 72 

1 ' 5 

3 

1932-33 

100 : 87-5 

f + 4’5 

1 - 2-5 

3 

1930-31-32-33* 

100 : 84*5 

f +13 

l -17 

9 

See Introduction, and also Thomas and Rdler 

[1933]. 
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This substantiates the important assumption implicit in Blackman’s paper j; 

that the COg/alcohol ratio remained constant during the period of storage in 

which his experiments were carried out. Considerable interest centres, therefore, f: 

ill the mean value of this ratio for a given season. t 

The data in the above table show that, except in Newton Wonder apples 1: 

in seasons 1929-32, there is a different mean value for the COg/alcohol number 5 

ratio ill each season. The difference in the mean value of this ratio for different f: 

seasons may be accidental, but experiments with large samples would be needed 
t'o settle this point. 

From ti¥o observations on leaves of Acer plakmoide^, Kostytschew [1913] I; 

inferred that the ratio (JOg/ethyl alcohol fluctuates with the stage of develop- |:i 

irioiit of the tissue. But in the present experiments tlie fluctuations, tliougli I' 

considerable, were not regular. They might be attributed to a combination of |'| 

ex|)erinieiita'l error, the occurrence of physiological races within the varieties, 

and the use of small samples. Probably the last is the most important cause; [ 

for, as will be shown in a later paper, this sampling error is much larger than i; 

the maximum error eiieoiiiitered in the estimation of ethyl alcohol and acet- {■: 

aldehyde in. apples. J: 

The average value for the COg/alcohol number ratio in Bramley’s Seedling and |:^ 

Newton Wonder apples may be placed at 100/80-85. We have, however, obtained f 

som,e evidence (see Appendix) of varietal differences in regard to the ratios. ■ / 

As the C02/alcoliol number ratio in molecular equivalents is not unity, as :p 

demanded by the usual equation for alcoholic fermentation, CQH22O6 = 2CO2 + 1 

2C2H0O, Blackman’s method of evaluating glycolysis must be slightly modified. / 

He assumes that the ratio is unity, and he calculates glycolysis from CO2 | 

output in nitrogen by multiplying this figure by 3. If, how^ever, the COg/aleohol |! 

number ratio is 100/85, only T7 atomic proportions of carbon w'-oukl be lost I 

as ethyl alcohol for each one lost as CO2, so that glycolysis would be 2-7 times | 

the CO2 output in nitrogen. In view of the fluctuations about a mean value | 

of 100/85, the C02/alcohol number ratio should be measured in a sample of the | 

same fruit before attempting to estimate glycolysis. Many other examples are , | 

known of CO2 /ethyl alcohol ratios in which COo predominates, and only rarely 

has a ratio of unity been reported and confirmed. Thus Boysen- Jensen [1922] !: 

for grapes and carrots and Kostytschew [1913] for many tissues including apples 

obtained ratios ranging from. 100/40 to 100/80. Both conclude that anaerobic .j;: 

respiration in higher plants is a mixed reaction which consists only in part / 

of alcoholic fermentation, the accompanying reaction being independent of 
glycolysis. 

This latter conclusion cannot be accepted unconditionally, for products of | 

zymasic cleavage not estimated b}?^ the present method may account for the | 

low ratios obtained. Acetaldehyde, however, cannot be one of these, since this | 

compound is included in the alcohol number. | 

I 

Summary. |- 

1 . Zymasis in nitrogen follows the same seasonal curve as COg output in | 

air (O.R.). I 

2. In any one season, the ratio COo/alcohol number (which is practically | 

identical with the ratio C02/ethyl alcohol) fluctuates widely about a mean value, / 

but this mean does not alter as apples age. f 

3. The mean value for this ratio in Newton Wonder and Bramley’s Seed].ing jj 

apples during three seasons is of the order 100/80-85. I! 
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appendix. 

A SURV33Y 03? CO,/aLCOSOL NUMBEli IN SEVEEAL VARIETIE.S OE APPLES. 

Tile following is an account of a short siirvev nf pn /oi i i 

Ire’f purchased from local frSterer? eS K 

Here earned out precisely as described in the main paper. R'^tunations 

Iiicrease 
in the % 

-r. alcohol 

DitP o-f niiniberln 

Date of of e.\-po- CO„ 100 houre 

,, , Countiyof '““Z’ iXcZ GOJ 

\ariet}- origin ex;p. fhourst loZl alcohol 

Dougherty Australia 23..ih 3 o ^ 1 °“"^ irT 

Grarenstein u.S.A. 23. vii ’ 32 ho o 100:81 

Murmer Australia 23. viii. 3 I to o-t- ^ ^lO : 6.5 

XesMeh England l.ix32 l5o nipl 100:77 

Beauty of Bath England Lixil-i h) nona 100:57 

Belflower France i.iZh to n!?> WO = 61 

w ® ^ 28. ix 32 no' n'olo WO : 68 

Wealthy U.S.A. 28 ix ,32 Hqf WO : 73 

Jonathan US 4 n oif , - 0-167 0-08 1 00 - 3.7 

McIntosh Red Canada h.’.x.ii l-^O? “'I;’.! 0-08 100 1 54 

Cleopatra Tasmania 11. vii. 30 qql. 2^4 100:85 

Cleopatra Tasmania 6. v .TI Qst a 100:93 

^ewtown Pippin U.S.A. s. iii. 33 1 u? a 100 : 85 

Newtown Pippin U.S.A. 25. iv 33 uSl 100:90 

Uranny Smith Australia 9 vi ’ 33 0*15 100:81 

^ 0-20 100:65 


Countiy of 
origin 
^Instralia 
U.S.A. 
Australia 
England 
-England 
France 
U.S.A. 
U.S.A. 
U.S.A. 
Canada 
Tasmania 
Tasmania 
U.S.A. 
U.S.A. 
Australia 


Date of 
commence- 
ment of 
exp. 

:^3. viii. 32 
23. viii. 32 
23. viii. 32 
1. ix. 32 
1. ix. 32 
1. ix. 32 
28. ix. 32 
28. ix. 32 
11. X. 32 
11. X. 32 
11. vii. 30 
6. V. 31 

8. iii. 33 
25. iv. 33 

9. vi. 33 


Duration 


of expo- 

g. co^ 

sure to 

per 100 g 

nitrogen 

fruit jier 

(hours) 

100 hours 

120 

0-169 

120 

0-277 

120 

0-327 

120 

0-264 

120 

0-209 

120 

0-212 

1191 

0-289 

1191 

0-167 

1201- 

0-151 

1201- 

0-193 

99| 

0-164 

98| 

0-255 

lUlr 

0-113 

148| 

0-177 

49 

0-278 


for thesS^ vfiSfes^hrrSo CO^ Newton Wonder apples, so also 

toquired by tlie usual equation for nWi T- .i't'ays higher than that 

were used/the r.tios^.'Sfc toM 

differences shown siwcrest that the me ^^ken as true means, but the 

different varieties of ages P°««ibly vary greatly in 
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CCXXII. STUDIES IN ZYMASIS. 

VI. ZYMASIS BY APPLES IN RELATION TO 
OXYGEN CONCENTRATION. 


By MEIRION THOMAS ayd JOHN CARTER PIDLER. 
From the Botany Department, Armstrong College, Newcastle- wpon-Tyne. 


{Received July 26tli, 19SS.) 


The ensuing subject matter deals principally with the problem of determining 
tlie^coiiceiitratioii of oxygen at which the anaerobic respiration of apples becomes 
extingiiislied. Pure nitrogen has been used in most of the recent work on the 
anaerobic respiration of plants, and we propose to follow Blackman [1928] and 
Parija [1928] in describing the COg component of anaerobic respiration as 
nitrogen respiration (N.B.). We shall refer to the concentration of oxygen 
that extiiiguislies N.B. (ke. anaerobic respiration) as the extinction point 
of N.R. 

Bramley’s Seedling apple was selected as a subject for experiment because 
much important work has been performed on this variety at the Botany School 
and at the Low Temperature Station at Cambridge; but experiments have also 
been performed with the Newton Wonder apple. 

The scope of this research was widened to test Blackman '’s contention (see 
below) that, even for a single variety for a given season, the extinction point 
of N.R. is not a fixed magnitude throughout the storage period but shifts to 
higher values as the fruit ages. The extinction points of N.R. for Newton Wonder 
and Bramlej^’s Seedling apples have therefore been determined late as well as 
early in the storage season. Further, as our experiments extended over 2 years, 
we can consider whether seasonal factors affect the time at which the shift of the 
extinction point begins in stored fruit. 

The novelty of our w^ork resides essentially in the method adopted for finding 
the extinction point for N.R. The method is based on the facts, established by 
earlier quantitative researches [Thomas, 1925], first that healthy apples do not 
normally undergo zymasis hi air, and secondly that under anaerobic conditions 
ethyl alcohol accumulates in the flesh tissue until this is dead. It is argued that 
zymasis probably also occurs in low concentrations of oxygen, and that there 
is for any apple in a given phj^siological state a limiting concentration of oxygen 
that extinguishes this process. 

By our methods of analysis, ethyl alcohol, acetaldehyde (which also accu- 
mulates in small amounts) and possibly traces of other compounds which are 
volatile in steam, are measured together to give what we term the ‘''alcohol 
number’’ [see Fidler, 1933, 1]. This number may be taken as a measure of the 
ZAuiiasic products which have accumulated in the flesh tissue. Under anaerobic 
conditions CO2 (Blackman’s N.R.) is simultaneously produced, and there is 
evidence for Bramley’s Seedling and Newdon Wonder apples that the greater 
part of this N.R. is due to zymasis, and that the ratio alcohol number/N.R. 
for a given variety is constant during a single season [Fidler, 1933, 2]. From 
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this constancy we infer that the alcohol number mav also ho foT-o,, 

ot N.E., ...cl ,h»t the election point of N R Si be th.t tSS f .T’'"" 

oxygen at which the alcohol number becomes zero. 

Earlier workers by other methods have aimed at detprmlnh-i,r i-n i- 
point of N.R. Thus Stich [ 1891 ], and several wSrSs quX T 
the effect ot lowered oxygen concentration on the resniratorv onnfio I 
plant tissues, the general principle being that this quotient! increased 
zymasis (ne. N.R.) begins. None of these workers, however !e“ !ec 
Hackman [ 1928 ] inferred from CO., output curves that tU „ 
of N.R. for Bramley’s Seedling apples" is bdmvT fin^ 

It increases as the apples age. Again, no measurements of llcoS 
The results we have obtained by using the alcohol numb^ as n in 1, 

[1928, „ h„e e^o th. rate rf S. pXaL “ 

60 lar as we know, this is the fh-st time that CO .,,,^1 en i i i 

(or any other measure of accumulating zymasic pTOductsf^avet^'^ 
taneouslv determined in o-aq miirtnvoc v Proaucte) ha\e been sirmil- 

further, it is also possible by calculation to distribute!otal''cO^ bet2™^\^^ ’ 

and normal respiration (Blackman’s O.R.) The results of a W i 

are given in Section II in Table TT hn+ L i ^ calculations 

occurs under anaerobic conditions. iviioiMi tliat tins process 

I. Materials akd methods. 

All account has already been given FFidler 1 1 1 nf f +• r . 

and of the modes of storiL the times of gathering, 

■vve are about to describe ^The i ^ ™ experiments 

have also been described by Fidlef [iS'llf “ ® employed 

detemHeA 23° was 

nitrogen-oxygen mLnrH™e rate nt^i! T 
a single apple o ™tres ner b! ! ? P®" 

the issuing ga.; showed tLt therm^n!! ^^®?r“P^^ .Analyses of 

not appreciably altered by the respiratton^of the stream at this speed was 

atmosphere lasted for about 4 days artificial 

th.!ro,et.xr.ryXXbXXiSVX* ‘S' 

of two groups of four senarafp ^ same age. Each set consisted 

different coiLiatLTo™^^^^^^ ft ^ 

set of experiments Thus m" hrlitinn r " months elapsed between each 

concentritions on appls of “P ^^^rying oxygen 

^ on apples ot roughly the same age, it was also possible to deter- 

M,. *“ ” y»9™tam ,h. BbU.1 

ot a H.Hm s„ .p,,,., J S'""™"! ••omaMy b, me.a. 
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mine the effect of increasing age on zymasis by the fruit in any given concen- 
tration of ox^^geii. Work on a set of experiments lasted about 2 weeks, a new 
coiisigiiiiient of fruit for the second group of four experiments being timed to 
arrive on the day the apples used in the first four were distilled. 


II. Results. 

A. The alcohol number. 

Preliniiiiary work [Fidler, 1933, 1] showed that the alcohol miinber of 
storage controls was not the best basis for evaluating change in the alcohol 
iiiiniber owing' to oxygen shortage ; for it appears that zymasis nia.y be induced 
by other factors coiiiiected with the experimental conditions. For gas mixtures 
containing oxygen, interest resides chiefly in the figures in column 11 of Table I. 
These have been obtained by deducting the corresponding conditions control 
values [Fidler, 1933, 1, Table II], from the alcohol numbers^- found by analysis. 
There is no evidence that conditions as such increase zjnnasis in pure nitrogen, 

• and for this gas the storage control has been used. 


B. The rate of CO 2 production, distributed between O.R. 
and N.R. Carbon loss. 


Only the results for the rate of production of CO 2 by Bramley’s Seedling apples 
j in 1931-2 will be considered here^. 

j 111 Section III we compare oiir results for CO 2 output with those obtained 

by Parija [1928] -who used Bramley's Seedling apples from a different locality. 
Our experiments differ from his in one important respect. To investigate the 
I extinction point of N.R. he used the same apple in different concentrations of 

ox 3 ^gen. Since we determined the alcohol niiniber as well as the CO 2 output, we 
necessarily had to use different apples for every experiment. 


Notes to Table I. 

(«) Weight of apple. Up to experiment 62, the final weight was used in calculating the per- 
centage concentration of products of zymasis. After this time the initial weight has heen used . 
The loss in weight was never more than 6 % in a sound apple and wars usually of the order of 1 to 
3 %. As all the numbers in any series have been calculated to the same basis, the error is not 
serious. 

(h) 106, 107 and 108 on Bramley's Seedlings wvre allowed to continue for about S days 

and then analysed. The alcohol numbers given in the table have been calculated by dividing the 
alcohol numbers obtained in the analysis by the quotient: CO 2 output per S days/COg output 
during the first 100 hours. 

(c) The results given for experiments in pure nitrogen are taken from Fidler [1933, 2], and 
are included for the sake of comparison with those obtained in 0-8 % oxygen. 

{d) The storage control has been used in experiments where the alcohol number was greater 
than that in a conditions control. 


^ The ratio aicohol/acetaldehyde in these experiments was intermediate between 45/1 (the 
highest recorded in air) and 75/1 (the lowest recorded in nitrogen). It is not proposed to analyse 
these figures further since the research was not planned to determine the effect of oxj^gen tension 
and age of apples on this ratio. It is proposed, however, to carry out experiments to test these 
points in the near future. 

^ Results for Bramley’s Seedlings in another season and for Newton \\ onders in three seasons 
are given in a Pli.D, thesis [Fidler, 1932], wEere they have been treated in the maimer adopted 
here for this selected set of results for Bramlej^’s Seedlings. - 
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S?/-l 

f fi uit, date of experiment and. the alcohol number, see Table I) ' ^ 

g. apple/100 iioiirs 


Corrected for conditions control vainest 


Exp. 

No. 


71 

72 
75 
77 
7S 
So 
86 

87 

88 

92 

93 

94 

From cool 
102 

103 

104 
lOo 
106 
10 


Oxygen 

Actual 

Actual 

in gas 

carbon 

CO, 

O' 

/o 

loss'*- 

output 

2 

3 

4 

liard : 

0-8 

0-42 

0-680 

Nil 

0-42 

0-714 

21-0 

0-15 

0-542 

0-8 

0*50 

0-727 

Nil 

0-50 

0-667 

Nil 

0-33 

0-455 

3-0 

0-05 

0-176 

5-0 

0-07 

0-239 

21-0 

0-13 

0-446 

8-0 

0-06 

0-200 

40-0 

0-06 

0-203 

100 

0-10 

0-337 

storage: 

Nil 

0-46 

0-592 

3-0 

0-14 

0-390 


CO, 

5 


N.R. 

6 


O.R. 

7 


C02/alcoliol 

number 


Total 

car bon loss 
CarboiT"' 
lost as CO., 
9 


0-67 


0*54 

0-72 


0-50 

0*71 


0-16 

0-22 

0*43 

0*19 

0*19 

0-32 


0-64 

0-67 

0-40 

Nil 

Nil 


Nil 

Nil 

Nil 


0-17 

Nil 

0*54 

0-07 

Nil 

Nil 

0-16 

0*22 

0-43 

0-19 

0-19 

0-32 


100 : 63 
100 : 58 


100 ; 76 
100 : 93 
100 : 83 


2-3 

2-2 

1-0 

2-6 

9.7 


z-/ 

2-6 

1*0 

1-0 

1-0 

1-0 

1-0 

1-0 


108 

117 

118 

119 

120 
121 
122 
123 
124. 

134 

135 

136 

137 

138 

139 

140 

141 


21-0 

8-5 

28-0 

69-0 

Nil 

8-3 

2-4 

21-0 

0-8 

2-9 

5-2 

8-5 

Nil 

8-3 

2-4 

21-0 

2-9 

5-3 

60-0 

21-0 


0-18 

0-16 

0-17 

0-20 

0-30 

O-lo 

0-15 

0-20 

0-33 

0-14 

0-17 

0-19 

0-45 

0-18 

0-20 

0-21 

0-22 

0-18 

0-22 

0-22 


0-563 

0-545 

0-477 

0-469 

0-605 

0-456 

0-419 

0-414 

0-594 

0-520 

0-384 

0-465 

0-539 

0-631 

0-496 

0-490 

0-567 

0-499 

0-493 

0-615 

0-638 


0-33 

0-50 

0-49 

0-42 

0-41 

0-55 


0-35 

0-35 

0-54 

0-46 

0-32 

0-40 

0-47 


0-44 

0-42 

0-57 

0-44 

0-44 

0-57 

0-59 


lent JI 1 in carbon units (carboi 

lent oHhe cmdition.s control alcohol number). 
\ .bxcept 111 Exps. 72, 78, 85, 102 ' 


0-59 

Nil 

Nil 

0-33 

Nil 

0-50 

— 

0-49 

Nil 

0-42 

0-005 

0-41 

0-004 

0-54 

0-46 

Nil 

Nil 

0-35 

Nil 

0-35 

— 

0-54 

0-46 

Nil 

Nil 

0-32 

Nil 

0-40 

Nil 

0-47 

0-63 

Nil 

Nil 

0-44 

0-02 

0-40 

— 

0-52 

0-09 

0-36 

0-006 

0-43 

Nil 

0-57 

0-59 

aleiit of 

column 4, 


100 : 80 


100 : 3 
100 ; 1 
100 : 67 


100 : 58 


100 : 76 
100 : 4 


100 : 14 
100: 1 


1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

2-4 

1-0 

1-0 

1-0 

2-2 

1-0 

1-0 

1-0 

2-6 

1-0 

1-0 

1-0 

1*6 

1-0 

1-0 

1-0 


117, 134, where Oo 


plus tile carbon eqiiiva- 


to Table II. 

_ (a) DutTPmtion of CO, heUaeen 0,E. and N P . r . 
mixtures of nitrogen and oxygen between 0 U mid CO, given off in gas 

component of zymasis wliicli is induced bvconditil fowmice must be made for tlie GO, 

CO produced may be calculated th/aTel; — ^ 

we prefer to use the formula e-xperimentatly fermentation, 

Strictly, thfe formula should be determS 

o aiier} 101 all tlie seasons during wiiicii 
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ifiis appk* lias been used. Thus the preliminary work over two seasons [Fidler, 1933, 2] permits 
IIS to write for Bramle-y’s Seedlings: respirable substrate — > 100 COg + SS CgH-gO. By subtracting 
ibis coiii|3oiieiit of zymasis occurring in air at 23® under experimental conditions from the 
total Ihb absorbed b^^ the baryta, we arrive at a number representing the CO 2 which must be 
distributed between O.R. and N.Il. 

If the alcohol number obtained in any experiment is of the same order as that of a conditions 
t'ontrol, we conclude that there is no N.R.. due to oxygen shortage. All the CO 2 produced is then 

attributed to O.B. 

VVlieii, however, zymasis due to oxygen shortage is detected, the CCb component is calculated 
as we have described above. Thus, for Bramlej-’s Seedlings, in calculating N.Ru due to oxygen 
shortage, 109 g. -mol. ec][uivalents of CO^ are taken as ecpiivalent to 85 g.*mol. equivalents of 
zyiiiasic products accumulating in the tissues. The O.R. occurring simultaneously may be found 
In' subtracting the calculated value for ]Sr..R. from the total CO^ output corrected for experimental 
coiKlit'ioiis. 

(5) Calculation of the percentage carbon loss. 'The percentage carbon loss, given in Table II, 
is the sum of the weiglits in g. of carbon given off as CCb and excreted in the tissues as eth}^, 
alcohol and acetaldehyde. 

(c) The quotient Total carboii loss j Carbon lost as CO^. 

Ill the paper dealing with zymasis in nitrogen [Fidler, 1933, 2], a column wms included giving 
Giycolysis in C units/N.R. in C units. Such a column cannot be included in the present paper, 
since total carbon loss in nitrogen -oxygen, mixtures is not equal to glyeolysi.s in carbon units. 
The difference is due to O.A. (oxidative anabolism [Blackman, 1928]). This, how'ever, cannot be 
evaluated from our data. A column has been added here giving the quotient Total carbon loss/ 
Carbon lost as CO 2 . When there is no N.R. the value of this quotient is unity. As I^.R. forms an 
increasingly important component of respiration, the quotient rises to a maximum of 2*7 (for 
an anaerobic COa/alcohol ratio of 100/85). 

III. D1SCUSSIOI7 AND GENERAL CONCLUSIONS. 

(A) The effect of varying oxygen concentrations on the alcohol mimber. in N ewton 
Wonder and Brarnley's Seedling apples of different ages and in different 
seasons. 

(i) The alcohol mmiber as a measure of N.R., and the 'possible relations heia er n 
N.E. and oxidation ‘processes. The graphs in Figs, la and 16, and 2 a and 2 /d, 
ill which are represented the resuits given in Table I for iSTewton Wondei rind 
Bra:n:iie3ds Seedling apples, show the conceiitra-tions of oxygen that extingiiisli 
N.Il. at different times in the storage season, and what is the relative extent of 

M. R. when it occurs. When the alcohol number points lie above the .r-axis, 
zymasis takes place to a greater extent than in a conditions control [see Fidler, 
1933, 1 ]. It folloivs first that N.R. then forms one component of the respiratory 
process, and, secondly, that this N.R. occurs owing to a deficiency of oxygen 
ill the gas mixture passed over the fruit. Further, the relative magnitudes of 

N. R. ill the total respiration in different gas mixtures^ may, of course, be 

To avoid crow- ding of graphs Ave have assembled in Figs, i a and 1 b the results for apples 
before they became pronouncedly yeUow, and in Figs. 2a and 2b the results for the same popu- 
lations wdien they were rapidly becoming or had become yelloAv. This colour change criterion of 
the ageing of the flesh tissue of apples has been used before [see e.g. Blackman and Parija, 1928]. 
Evidence given later in this section suggests, howvver, that other phenomena of ageing do not 
necessarily march in line 'with this colour change, i.e. apples of the same variety, from the 
same population and of the same colour are not necessarily in the same physiological state in 
all respects. 

“ In column 9, Table II in Section II, it Avill be seen that the ratio Total carbon loss/Carbon 
lost as C ()2 decreases from 2-7 to unity when the oxygen coiieentration is increased. The extinction 
point is the niininium oxygen concentration at wdiich this ratio becomes unity. 
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judged from the differences in the heights of the points above the * avis Wl. 
ho-wever, the alcohol number points lie on the x’-axis there is nr. 'vhen, 
that occurring in a conditions control. In these eases there is suffident 
in the gas mixtures to extinguish N.R. completety. * o-^.vgen 




Fig. la. Percentage alcohol numbers of green to yellow-green Newton Wonder apples. 

Season 1930-1. Prom store: I, 24. ix. 30. ^ 

Season 1931-2. Prom orchard: II, 17. vii. 31-26 viii 31 v 
Prom store: III, 28. x. 31. o * 

Prom store: IV, 10. xii. 31. ^ 

Kg. 16. Percentage alcohol numbers of stored green to yellow-green Bramley’s Seedling apples. 
Season 1930-1. I, 19. xi. 30-10. xii. 30. % 

Season 1931-2. 11, 2-10. ix. 31. x 
HI, 11. xi. 31. o 
IV, 6-13. i. 32. A 

rile graphs afford unquestionabie evidence that at hII i. 

concentration outside it 

giaduaUy falls from the maximum value attained in phre nitrogen In 

our experiments this fall in N R contimiPrl uritii , ^ c/iin 0 ^, 611 . in niost of 

then, of course, the extinction plit of N p llht ^ completely ceased: 

at which the alcohol number reaches zero This 

all apples (see later sub-sections). percentage is not the same for 

We have insufficient data for low concetitmtinr.^ x , , 

changing quantitative relations between N r' and oxidatin?^^ calculate the 
oxygen concentration rises (see also footnote on p S 
hypothesis is that N.R. is sistituted step by Ip bt lid^Inl” 
rising oxygen concentrations. There are LoIonflictL I f P™°osses m 
that would then have to be borne in mind in evnil * °°“t^omporary views 

of oxygen on zymasis. Aceofoing to one v ev NT'nnd 

are cognate. AcceDtino- thiQ -vn'ow ^ oxidative processes 

arguments of Meyerhof [1925] and BklSanTlfo'Srth and 

gressively replaced by oxygen le produds of aWi ^ ^ f is Pro- 

»1»M CO, ,N.E., to ,.i,r and CO, (O.e") 'aod'o IToSlSe jSS 
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or the Meyerliof-Pasteiii- reaction). According, however, to the alternative view 
(.sec loi example Lnndsgaard [1930] and Bovsen-Jensen [1922- 19311 tlie 
™zyme .systems governing N.R. and oxidation processes are quite distinct, 
hhonld dns view tecome established it would mean that the contiguous pro- 
CC.SSLS of A i. and oxidation oecumng m low concentration.? of oxygen are 
imeonneeted although they affect the same substrate. It would then follow 


1 i 

o \ 

O 0 ‘ \ 

I i 

I I K 
Iv ' \\ \ 


iig. 2 a. Percentage alcohol numbers of green-yeliow to vellovr 
iMewton IVoiider apples. 

Season 1930-1. I, 27. xi. 30. ■ # 

II, 8. i. 31. X 

Season 1931-2. Ill, 27. i. 32-24.11. 32 o 


Kg. 2b. Percentage alcohol numbers ol green-yellow to yellow 
bramley’s Seedling apples. 

Season 1930-1. I, 22. i. 31-5. ii. 31. # 

Season 1931-2. IT, 16-31. iii. 32. , x 

that in rising oxygen concentrations zymasis is increasinely inhibited and that 
simultaneously oxidation processes, which are independent of anaerobic vlyco- 

ly.sis, are^activated to an equivalent extent. 

TO of N.R. earhj in the storage season. In Pio- la are 

starts wf tT experiments were 

started we thought that zymasis would occur in all concentrations of oxyaen 

Biocliem. 1933 xxvii " ^ 
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less tJiaii a %. But our results for this variety indicate that earlv in stones 
zyiuasis, owing to oxygen shortage, does not occur even in 2-5 V owo-mfi 
for Bratnlers Seedlmgs, in 1931-2, it wdll be seen from graphs II III and TV 
in <ig 16 that this same concentration of oxygen completely inhibited zvmasis 
m beptemher and November 1931, and even as late as January 1932 At tp;'" 
last date the apples wliich we used were yellow-greenl Our results for this same 
variety at the coiresponding time in the previous season cannot be used in the 
present analysis: tor before the middle of December 1930 (see graph I Fi'o- i/p' 
li- apples whilst still green, underwent zymasis in all gas mixtures contain! 

on iyramley s beedlmgs at an earlier date in the autumn of 1930 zvnnsk 
I'ction) "“““''^tration of oxygen (see imxt sub! 

We conchide, therefore, that the extinction point of N.R. for apples of these 
rh!’ whilst they are still on the tree or early in storage is^not oreater 

t 'u hi'!i 'i nil' figure. And it must be remembered 
h th concentration of oxyaen 

■a ihi JHk-i cellular spaces around the respiring cells is always less t.lian the 
tout cfi ja lion of oxygen outside. Questions concerning the oxycren relations of 

teC; “"tor tire 

o„ ifl .->71 point m ageing apples. The graphs in Pia« 

yti and _7 j .show that zymasis is not completely inhibited bv 2-5 % oxyven when 
senescent eharacteristics, such as the chano'e to careen- velloiv a-nd kth 
and superfdal scald, appear. Thus we conclude that although the extinctSf 

ni,,iKi r allies when .signs of ageing become more marked. 

annlesln preliminary experiments on green-yellow Newton Wonder 

decline in ih ^ ®fiuw that, notw-ithstanding the steep 

H O ' 1 V >11 r! "i V rafter January 

state what is iili precise form experiment alone, to 

sene.scent apples. representing this fall in N.R. in 

phvsk.!e2ica!\!(lAACTe grouping apples, it i.s clearly not a rigid criterion of 

■>■- » .,ov,r,.. ; ! occurred in green apples in December 1930 in 

more .scuesceiit of these two samtiles 1 "t ®PP*<'S would be eon.sidered to have been the 

«-h tis.suo we c ,«Mer Id Z t l,“ 1 tire 

i.n-se,it in urranri ’? “ element of hazard at 

nHAit..wiceivai,i; bhe"^ seasons. This 

mately the same e.vtiuet o^oSt oZ P r^pproxi- 
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111 the comparable experiments with Bram^’s Seedling apples (Fig. 26), 
we note from graph I that in late January to early Februar}^ 1931 as inucli as 
9 oxygen was needed to extinguish N.R. But when we examine graph I in 
Fig. 16, we see^that in December 1930, i.e. about 6 weeks earlier in the storage 
s€iasoii, zyiiiasis was nearly completely checked by only 5 % oxygen. For 
] Bramley’s Seedling apples ageing in air-stores during 1930-1 ' as wdl as for 

Hewtoii Wonder apples in this same season, there is clear evidence, therefore, 
that in late stoiage greater concentrations of oxygen are needed to inhibit 
zymasis, i.e. to extinguish N.R., than in early storage. 

Ill 1931-2, the results for Bramley’s Seedlings, although not so striking, 
^ point to the same conclusion. Thus graphs II, III and IV in Fig. 16 show quite 

definitely that there was no zymasis in concentrations greater than 3 % oxygen 
before January 1932; and from graph II in Fig. 26 w^e see that by March 1932 
the alcohol iiiiiiiber had risen distinctly above the conditions control value in 
3 % oxj^geii. At ^ this latter date the slight rise shown in 5*3 % oxygen is bv 
itself hardly significant, but as this rise is quite in accord wfith the behaviour 
of Bramley’s Seedlings in the previous season, and with Mewton Wonders in 
both seasons, it strengthens the evidence for a shift in the extinction point of 
N.R. to higher levels in the later phases of storage. 

Blackman analysed a series of curves of CO., output by Bramle 5 ^’s Seedlings 
in gas mixtures containing different percentages of ox\^geii [Blackman, 1928] 
and inf ei led that such a shift occurs. Using the alcohol number as an index 
of M.R. 'we have verified Blackman^s inference by our work on twm varieties 
of apple. 

^(iv) Varietal and seasonal differences as to the date at lohich the shifts of the 
extinction ‘point begins. "We may first note that different varieties from the same 
01 chard and picked at about the same time, andwdth a similar storage history, 
may behave differently in a given storage season. For example, graph II in 
Fig. 26 records but little zjmiasis in March 1932 in Bramley’s Seedlings at 
concentrations of oxygen above 3 % . We conclude that the extinction point 
had Just started to shift at this date. In strikmg contrast, the shift for Yewton 
Wonders was well under way a month earlier. Indeed, for this variety, at this 
time, A.R^^was not completely extinguished in quite high concentrations of 
oxygen. Ihis may be because the senescent breakdown of the respiratory centres 
in the protoplasm of the cells had begun [see Fidler, 1933, 1]. This is possibly 
the inevitable fate of all apples kept in store, and it is conceivable that the 
first shift ^of the extinction point may be a sign of incipient disorganisation, 
bhould this turn out to be the case, varietal differences in regard to this shift 
inaj' piove to be related to the different keeping qualities of different varieties 
in a given season. 

Secondly, variation has been observed in the behaviour tmvards oxygen of 
a given variety of apple picked from the same orchard in successive years at 
approximately the same time and stored and dealt wfith each year as nearly 
as was practicable in the sam,e fashion. Fig. 26 clearly illustrates this seasonal 
difference for Bramley’s Seedlings. A comparison of graphs I and II shows that 
the extinction point had shifted far more by February 1931 than by March in 
t le following storage season. In fact this shift by March in the second season 
was no greater than that which had occurred bv December in the previous 
season (see graph I, Fig. 16). We infer that the^date on w^hicli the seasonal 
shift ill the extinction point begins is, for any given variety, determined 
the imprep made by the complex of significant environmental factors incident 
on the fruit whilst it is still on the tree. Eadd and West [1919-31] in their storage 
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trials liare frecjiieiitly reported that the impress of these factors persists in ^ 

stoi’age apples and governs their keeping qualities. There iiiaj?- be a, relation 

between these qualities and the time at which the shift of the extinction point 

iDcgiiis: and we found that Bramlev's Seedlings kept better in 1931-2 than in 

1930“-i. The more rapid deterioration of this variety in the first season was 

possiWy owing to the earlier shifting of the extinction point. 

B. The rates of CO 2 output and of carbon loss in relation 
to oxygen co7icentratio7i. 

(i) CO 2 output. Blackman [1928] stated that the extinction point of H.E. 
is 1 ‘C‘aelied in tliat concentration of oxygen wdiere CO 2 production is at a miiiimiiin, ^ 

and he placed this minimum at 5 % oxj^^gen. Our results accord well ■with liis. 

Thus tlie graphs in Fig. 3 show that at all dates in 1931-2, as the oxjrgeii coii- 
eeiitratioii in the external atmosphere “was increased, the rate of CO., output 
by Braiiiley’s Seedlings first fell from the high value attained in nitrogen to a 
niiriiiiiiim value and then rose to the normal rate for air^. The extinction point 
again (see siib-seetion A) appears to be less than 5 % oxygen. 

A fei^v points are given for higher concentrations of oxygen. These suggest 
the contiiiiied upward drift reported by Blackman [1930]. 



I, 2-18. ix. 31. # in, 6-13. i. 32. o 

II, 11-18. xi. 31. X IV, 16-31. iii. 32. A 


Blaeliiiian concluded from the seasonal variation in the oxygen concentra- 
tion at -which the miiiimuni CO.^ output was observed, that the extinction point 
for N.Pv. -would move to higher oxygen concentrations as the fruit aged. Our 
conclusions in sub-section A support Blackman’s views. Further, we note here 
that we have found for Kewton Wonders in 1930-1 and 1931-2, and for Bramley ’s 
Seedlings in 1930—1, that the oxygen concentration in which the minimum 
value for CO 2 output was observed rose from 3-5 % ox^^geii to 8—10 % oxygen 
as the apples aged^. This rise affords further evidence that the behaviour of 
the apples we have used w^as substantially the same as that of the Braniley’s 
Seedlings used by Blackman and Parija. 

1 The distribution of the CO. produced between K.R. and O.E. lias been calculated, and the 
resiiltiiig values are given ui Table II; but we have not collected enough data yet for gas mixtures 
contaming less than 2*5 % oxygen to permit of critical analysis. We propose to perform further 
experiiiieiits in these low percentages of oxygen. 

“ The data on which this statement is based are included in Fidler’s Ph.I). thesis [1932]. 
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(ii) Ckwbon loss. In view of Blackman’s calculations [1928] further data on 
the ral./© of caiboii loss in relation to oxj^gen concentration may prove of iiit€;rest. 

Y'e have obtained values for the rate of carbon loss under different coii- 
ditioiis by simiiltaiieoiisly measuring CO^ output and the alcohol number. We 
note that each carbon loss graph in Fig. 4 has the same form as the corre- 
sponding CO2 output graph aiicl has the same position for the iiiiiiiiiiiiiiij viz. 
at about ^'0 0 x 3 / gen, the extinction point of Carbon loss is greatest 

iiiider anaerobic conditions. As the oxygen concentration passes from zero 
upwards, we observe that the first effect of ox 3 gen is increasingly to restrict 
cai 1)011 loss. This les friction can be correlated with the gradual iniiibition of 
zj'iiiasis as the oxygen concentration rises. Carbon loss appears to be at a 
iiiiiiimiiin ^wheii ^z^miasis has been completely inhibited. The second effect of 
oxjT’geii, 'ytv. to inciease carbon loss bjr stiiuulating respiration, shows clearly 
after this iiiiniiiiuin (see Blackman [1928]). 




j os}gon in gari nii.\rurc 

20 40 60 80 !G0 

Cliisui'c of scale 


Fig. 4, Actual carbon loss by Bramley’s Seedling apples during 1931-2. 


I, 2-1 S. ix. 31. # 

II, 11-18. xi. 31. X 


III, 6-13. i. 32. O 

IV, 6-13. iii. 32. A, 


It will be noticed that the graphs I, II, III and IV lie at liighea- levels as 
the season advances. In all concentrations of oxygen a general seasonal stiiiiu- 
latioii of respiration probabty contributes to this observed rise in carbon loss. 
In the lower concentrations of oxygen, moreover, the restricting effect of oxygen 
on zj^masis may diminish. 

SlJMMAEY. 


Apples have been exposed to mixtures of nitrogen and oxygen at 23^ at 
different times during the developmental and storage life of the fruit. Using 
conditions controls rather than storage controls, and, allowing for experinieiital 
error and for sampling variation, we have found that: 

(i) Rising oxjgeii concentrations progressively retard zjunasis. The high rate 
attained in pure nitrogen falls until at a certain concentration of oxjgeii 110 
alcohol is produced. This concentration is termed the extinction point of K.R. 
(nitrogen respiration). 

(ii) Itarl}^ in the storage season in Newton Wonder and Bramle^^’s Seedling 
apples the extinction point lies between 1 and 3 % oxygen. There is some 
evidence that it be near to 3 % oxygen. 

^ It was shown by Eidler [1932] that the same agreement holds between the extinction point 
of N.R. and the miniirmni carbon loss, early and late in the season, for (a) Brainley’s Seedlings 
1930-1, (&) Newton Wonders during three seasons. 
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(ill) The extinction point shifts to higher concentrations of oxj^geii later in 
the storage season. 

(iv) 111 old apples alcohol may accumulate even in 100 % oxygen, i.e. there 
is n.o extinction point for N.R. 

(v) The time of the beginning of the shift of the extinction point be 
different for different varieties in the same season and for a single variety in 
different seasons. 

(vi) The rates of CO2 production and of carbon loss fall from, maxiniiiiii 
va.liies ill nitrogen to minimii.m values in 3-5 % ox^rgeii early in the storage 
season, Init in 8-10 % oxygen for older apples. The rates increase gradiiaiiy 
when the oxygen concentration is progressively raised above these critical 
concentrations. 

This research was performed under the auspices of the Department of 
Scientific and Industrial Research [see Fidler, 1933, 1]. Grants by the Royal 
Society and by the Research Committee, Armstrong College to one of 11 s (M. T.) 
have helped on th,e research. 
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Although one of tlie most eliaracteristic effects of insulin administered to the 
normal animal is a reduction of the Mood-sugar content it has also been amply 
demonstrated that the concentrations of inorganic phosphate [Wigglesworth 
d al, 1922-23] and amino-acid-iiitrogen [Luck et ah', 1928] in the'blood are 
also reduced. These demonstrations have been made not only with the ordinary 
preparations of insulin used therapeutically but also with ciystailine insulin. 

The object of the experiments now^ to be discussed was to determine whether 
or not these three characteristics of insulin activity are functions of the entire 
molecule acting as a unit or of distinct portions of the molecule, acting more 
or less independently. In support of the unitary hypothesis is the common 
belief that phosphateJoweriiig, following insulin, is*^ secondary to the liypo- 
glycaemia, or at least intimately associated with the well-recognised changes 
ill carbohydrate metabolism. Nevertheless, no satisfactory proof of such a re- 
lationship has ever been advanced. Nor is there any evidence that the effect of 
insulin upon the amino -nitrogen content of the Mood is dependent upon the 
earbohychate changes. It occurred to us that the possible existence of an inter- 
relationship bet\reen these three physiological activities might be investigated 
directly througli the use of partialh^ inactivated preparations of the hormone. 

It woidd be superfluous to discuss here in detail the ('extensive investigations 
of Freiidenberg and associates, of Jensen, Scott, Du Vigneaiid and others on 
insulin inactivation which have contributed much to our knowledge of the so- 
called ^‘active groups” of insulin. In general, these investigations have been 
restricted to the chemistry of inactivation, employing as the sole criterion of 
activity the ability of the material to lowur the blood-sugar content or, in large 
doses, to induce convulsions. 

The present investigation is essentially^ an extension of such studies, the 
treated insulin being examined, not only in respect of its effect upon blood-sugar 
content but upon inorganic phosphate and amino-acid-nitrogen as well. 

Experimental. 

Inactivation of insulin. Two methods of mactivation were employed. In the 
first, crystalline insulin^ was treated at 0° with 0-75N HCl in 75 % alcohol 
according to the method of Carr et at., [1929]. 0-5 mg. samples wmre weighed 

^ ViQ are much indebted to Dr D. A. Scott of the Insulin Laboratories, Toronto, and Prof. 
i)ii \igiieaud of George M^ashington University for the crystalline insulin used in this iii\'esti- 
gation. 
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out on a miero-balance and dissolrod in 1 cc. portions of the acid-alcoliol. The » 

.solutions so obtained were diluted to 12 cc. after 0, 1, 2, 3, 4, 5, 6, 7 or 8 davs 
and tlieroiipon injected at once into fasting rabbits. 

In tlie second method, soft X-ray.s of high intensity were u.sed as the inacti- 
vatiiig agent. 0-2 to 0-5 ec. portions of iinsulin, 80 unit.s per cc., were measured 

out into cylindrically ground depression slides, having a capacity of about 0-5 c^c. 

^ Tiic .dides were sealed with thin mica cover siip.s (of known t}iie.kne.s.s) and < 

■ vasdiiK* and irradiated for periods ranging from 1 second to 2 ho^irs. 

The ajipafatus employed has been msed by one of u.s (J. M. L.) in otlier e.x- 
pcrinicnte | Crown et, al., 1933] and was designed to give radiation of unusual 
intensity through a short target to specimen distance (3 cm.), silver anode, thin 
aluminium window (0-003 inch) and moderately high power (30 ma. at .5o'kv.). > 

I iiiteusity as measured by an ionisation chamber approximated to 2500 t 

I I’rtentgeii units per second^. f 

Immediately after irradiation the .specimens were diluted to 16-40 cc. (1 unit 

jH'ii- ce. based on initial activity) and injected into fa.stmg rabbits 2 . 

i ExpaimeMal animals. Large female rabbits of 3-3-5 kg. weight, previou,sly 

maintained upon a diet of barley and alfalfa rvere used The" animals -were 
deprived of food for 2 days prior to injection. 

Blood analysis. Blood samples, each of 5 ee. were collected, the first shortly 
bcfoie injection, the others at suitable intervals thereafter. In mo.st of the 
experiments on inactivation by acid-alcohol only a single po.st-injection sample 
was drawn in order to minimise the chances of haemorrhage itself exerting an 

! effect and thu.s leading to possible misinterpretation of results. In the reS; of i 

I acid-aloohoi experiments, samples w-ere drawn at 0, 1, 2, 3, 4, 5 and 6 hours. t 

In all the X-ray experiments, the time,s of eollection ivere 0, 1-5 and 3 hours. ' j 

Samples were analysed for reducing sugar, inorganic phosphate and amino- | 

acid-nitrogen by the methods of Folin [1928], Kske and Subbarow 119261 and 
Folin [1922] re.speetively. 

EcESULTS. 

..ill lable I we .liave presented tlie results of experiments on So rabbits, iii- 
jedcMl wit,!i jireparatioiis of erystalline insulin wliic.li liad been treated at 0" 

■\\itii I1C.-1 ill /5 % etliyl alcoliol. Since it is not feasible to present tlie 

futlividiial results, we liave averaged tlie values within groups and reduced the b 

a\eia.-ges so obtained to a coiiinion base line. This facilitates co 111 j 3 ariso. 11 . 

^ .£ 61 coiitage retention of activity .has also been calculated according to 

freiideiibergis method [Freudeiiberg and Birscherl, 1928] and the values iiieor- 
po.rated in ^ Table I. Eeference to this portion of Table I permits the coll- 
ie cliision^tJiat after 2 or 3 daj^s of treatment at O'' with acid-alcohol, 25-30 % of 

I ' ^ aimno-iiitrogen-lowering activity is retained, 15-50 % of the sugar -lowerin.c^ ^ 

i activity and 60-80 % of the phosphate-lowering activdty. The ability of iiisiiliii ' 

jl lower the inorganic phosphate content of blood seems to be most resistant 

iO inactivation by this means. 

i!i ^ ^ lo^ obtain more frequent samples 27 additional experiments were perfoiMiied, 

111 winch blood-samples were collected at 0, 1, 2, 3, 4'5 and 6 hours after 

t wish to acknowledge, most gratefully, the aid of Mr Morden G. Brown in operating the 

A-ray equipment. 

- use of the irradiated insulin is important. Long-irradiated specimens, pemiitted 

to stand overnight, were found to be completely inactive with respect to ammo-acid-nitroueri, 
sugar and phosphate. It is possible that iiydrogen peroxide formed on irradiation causes 'this 
^eoorxiaiy destruction. 
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after 2 hours' exposure. After 30-60 minutes of irradiation the iiypoglycaemie ♦ 

activity of the insulin was lost completely. In fact, long-irradiated specimens 
tended to be liyperglycaemic — a property which became more evident when 
the irivadiated insulin was injected in massive doses. As for piiospliate-loweriiig 
activity, again we observed that this property of the liormone was the most re- 
sistant towards destruction. Even after 2 hours of irradiation, from 40 to 50 % of 
the initial activity remained. This low^ering of phosphate, obtained in the absence 
of liyf)oglycaeiiiia, demonstrates that a substantial portion of the activity of 
insulin towards phosphate cannot be secondary to the carbohydrate activity 
of the liormone. 

Table II also contains the results of several experiments in which massive 
doses of the long-irradiated insulin (2 hours) were injected. The object here 
was to determine whether these larger doses might not increase, siibstantialliy 
the clianges in concentration in the blood of the substances studied. 

Although the amino-acid changes were inconclusive and the decrease in 
phosphate activity remained at 50 or 60 % , the most interesting observation 
was the uiiiiiistakable tendency towards hyperglycaeiiiia. Doubtless several 
explanations can be advanced to account for this phenomenon. However, we 
are disposed to think that the irradiated insulin induces an increased secretion 
of adrenaline. If so, the persistent though lessened activity towards amino- 
acids and phosphate may be due to adrenaline. 

As an incidental observation, it should be mentioned that these massive 
doses of iiradiated insulin failed to induce convulsions. 

Discussion. 

All the experiments described in this paper agree in showing that the phos- f 

phate-Ioweriiig activity of insulin is the most resistant to destruction by the ! 

methods of inactivation examined. They demonstrate that insulin may be diL I 

ferentialiy inactivated — in the sense that the physiological activities of iiisiiHn 
may be separately destroyed. A complete separation was not accomplished, inas- 
much as the loss of hypoglycaemic activity was accompanied by a loss of 50 % or 
so of tile phosphate-low’ering activity. Nevertheless it is evident that these three 
activities of the hormone are not lost in unison as the unitary hypothesis^ of 
insulin structure and function wniild demand. The results permit no final con- 
chisioii as to the relative ease of destruction of the amino-acid-loweiing activit}^, 
although our experiments with brief periods of X-ray irradiation frequently 
indicated that this factor is less stable to X-rays than the carbohydrate -lowering 
factor. 

Here it should be mentioned that controls have been run with untreated 
insulin adininistered in dosages of 1 to 1/16 unit per kg. in order to see the effect 
of mere insulin dilution upon the blood- constituents^. We had in mind the 
possibility that the ^Mifferentiar' inactivation here reported might be more 
apparent than real; that inactivating agents, instead of affecting one kind of 
active group to a gi’eater extent than another, might inactivate completely a 
fraction of all the molecules present — cleaving the others unaltered. Such an 
explanation would be demanded by the unitary hypothesis. We found, however, 
that reduction of the quantities of insulin administered caused the activities 
with respect to blood-sugar and inorganic phosphate to b© ‘^Rliluted-oiit” in 

^ By tlie “unitary hypothesis ” we mean that theory of insulin structure and funetion which ; 

postulates that the various physiological activities of insulin are the property of a single active j 

“centre” or “unit.” i 

“ The experiments with these lower dosages of insulin were made by ]\Ir Walton Van Winkle. 
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unison. These results will be included in a later paper of this series and need 
not be discussed further at this time. There was no indication, however, that 
low doses of iiisiilin (comparable with a mixture of active and inactive molecules 
resulting from inactivation) would lower blood -phosphate without causing 
hypoglycaemia. 

With respect to the X-ray experiments it is pertinent to mention that earlier 
attempts at inactivation (sugar-lowering activity) with X-rays have given only 
negative results. Den Hoed et al,^ [1929] irradiated specimens for 6f hours from 
a tube fed by a current of 180 kv. and 2 ma. Since the target-to-specimen 
distance was 24 cm. the intensity of the incident radiation must have been only 
about 1/64 as great as that employed in our experiments. We found that an 
irradiation time of 30 minutes was necessary to bring about an appreciable 
reduction of the sugar-lowering activity of msulin. Under the conditions of the 
experiments of den Hoed et al. an irradiation time of 32 hours wmuld bo required 
to produce a comparable effect with, radiation of the same wave-length. It is 
apparent then that the negative results obtained in earlier experiments are clue, 
in large part, to insufficient radiation [cf. Nitzescii, 1924]. 

Inactivation by ultra-violet radiation has been reported by several investi- 
gators [den Hoed et al, 1929; Kuhn et al, 1931; Freudenlierg et al, 1930; 

.Ellis, 1925; Freiidenberg and Eyer, 1932]. Maximum absorption and inactiva- 
tion are obtained by radiation of wave-length 2750 A. [Kuhn et al, 1931; 

Freiidenberg and Eyer, 1932]. This corresponds with the principal absorption 
band of tArrosine and cystine and suggests that either or both, of these amino- 
acids are so-called active centres.” But since the absorption of X-ra3.sS is 
probabty atomic rather than molecular, there is little likelihood of the same 
mechanism operating in our experiments. It would be unprofitable, therefore, 
without more data, to attempt an explanation of the mode of X-ray 

inactivation. 

Summary. 

1. The inactivation of insulin acid-alcohol and by soft X-rays has been :: 

studied. 

2. Ill both cases the phosphate-lowering activity of insulin was the most 
resistant to destruction. 

3. Massive doses of insulin inactivated by X-ra^'s produced h^qierglycaemia ; 
about 50 % of the ]3hospli ate -lowering activity was retained. 

4. It is concluded that insulin owes its multiple activity to a number of 
^'active groups,” '‘centres,” or "units” which vary in stability towards inacti- 
vating agents. 
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iN^ pronaous work it has been shown that insulin, injected into tJie normal 
animal, reduces the amino -nitrogen content of the blood and tissues rTnel- 

« d., ®S; Kfed, ...cj Luct, 1928], the Uto eve,, thcgh I. ,t 

i ,J’T T“ [Luck Yd S, »„!<]]„; 

LLh-^9] The ,iate of urea formation is also increased. More and more we have 

thr^f^ Relieve that these effects upon protein metabolism are independent of 
the oftects upon carbohydi-ate_ metabolism. In the present paper we wish to 
adduce additional evidence which leads to this conclusion. 

Expeeiments with ceystalline insulin. 

First of aU it became necessary to determine for a certainty whether the 
ammo-aeid-lowermg activity of insulin, hitherto studied upon therapeutic pre ' 
parations only, was possessed by the crystalline hormone. We weil aware of 
_ o possibility of the ammo-aeid activity being due to associated impurities 
, i much t.ie same way that the transitory hyiierglyeaemic action of amorphoms 

lWmu^r^hM^'c T ‘"f’f principle other than insulin itself [Burger and 
luamci 1930; Geilmg and de Lawder, 1930]. Profe.s.sor du Vigneaud was o-ood 

wTvjVf .solution of crystalline insulin (1 cc. per kg of bodv 

neight ot a solution containing 1 unit per ec.). Two blood samples of 2 ce were 

aftef “inutes before injection, the* second 31 hours 

Oi .loim LiJ^vg, 1928, 1929]. The followmg values were obtained. 

Ammo-aeid-K- Before 8-2 8--1 8-6 8-1 an oi c r 

Big. per 100 CO. After 6-7 6-9 6-6 U 74 PS 7-! 7-0 

Sugar Before 99 96 97 qa qo m r .4 a 

nig. per 100 cc. After 59 38 L « Ig “ | 

■pj. y. tlue to haemonhage only two blood samples were dra™. 

,1 V '“’“y i^y^i'ing injections of saline in place of insulin and bled at 0, 1?. ‘li. 31. T,n(i 

4i hours after in,, ection showed decreases in blood-amino. nitrogen content oJ 1 -3 r^w dOO eo 

shmved'n^dcWc^ r "“f T" after rniection; 

were obsmi Tr;^ .1 bleedings decrea,ses of 3-2 mg./lOO ce'. 

for our adoptimi of the'birLrp^™ p^ktlre.^' 
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111 tlie next^pajier oi tiiis^sc^ries iiiaiiy more experiments, some with a different 
preparation of ^ ein^stailiiie iiisiiliii, wiU be reported. The results are identical 
with these. It is apparent that the hypoaniiiio-acidaemia produced by ordinary 
iiisiiliii is a result; of the hormone itself, not of impurities. 

Prmmtion of liypoglycamiia by the sirnvMmieous injection of adrenaline. It 
occurred to iis that' a simple method of preventing hypoglycaeiiiia arising from 
iiisiiliii administrations would be by siiniiltaiieoiis injections of adrenaline. An 
thereby presented of studying the’ role of hj^poglycaeniia 
ill insiiliii liypoamiiio-aeidaemia. 

In the first group of experiments rats were employed. Attention was given 
to the effect of balanced iiijectioiis of insulin and adrenaline upon the aniiiio- 
iiitrogeii content of liver and muscle. By way of introduction it should be 
mentioned that earlier experiments demonstrated to us that the lowerings of 
tlie^ aiiiiiio -nitrogen contcuit of blood induced by insulin is accompanied by a 
siniiiltaiieoiis reduction in the amino -nitrogen content of liver and muscle. This 
is’ ill hamioiiy with the finding of Kiech and Luck [1928] that the aiiiiiio- 
iiitrogeii content of the animal as a whole suffers reduction. 

Ill the present experiments 72 animals, starved for 36-40 hours at 28°, were 
used. The optimum conditions for obtaining a balancing of insulin hypogly- 
caemia by means of adrenaline were first determined. Sam| 3 les were collected 
from the tip of the tail at -~ 15, 5, 30, 60, 90 and 120 minutes after the initial 
injection. By repeated trial it was found that satisfactory control of the hypo- 
glycaemia was obtained by injecting simultaneously 5 units of insulin per kg. 
of body weight, and 0-38 mg. of adrenaline per Icg.^'Mlowed by a second dose 
of adrenaline 65 minutes later (0*250 mg. per kg.). 

Blood-sugar content (mg./lOO cc.). 

Animal - 15 min. 5 mins. 30 mins. 60 mins. 90 mins. 120 mins. 

21 91 99 121 112 106 96 

22 86 106 119 124 115 ' 119 

23 101 109 134 112 108 102 

24 96 129 166 143 123 102 

25 — 88 118 116 108 92 

In three other animals from each of which only one sample was collected 
(2 hours after the initial injection) blood-sugar values of 94, 111 and 82 mg./lOO cc. 
w'er© obtained. Three other animals, paired vdth these three, were similarly 
treated except that 0*9 % saline was injected instead of the adrenaline. Values 
of 40, 43 and 39 mg./lOO cc. were obtained. 

Amino-nitrogen drJminiiiatio'ns on liver and muscle. The animals, iii-jected 
both with insulin and adrenaline as described, were killed 2 hours after the 
first injection. The liver and thigh muscles were promptly excised, frozcni in 
liquid air, powdered and analysed for amino -nitrogen [Luck, 1928]. The mean 
values presented in Table I were obtained. 

Table I. Amino-nitrogen content of liver and muscle. 


Saline controls 

Insulin 

Adrenaline 

Insulin %)lus adrenaline 


Liv 

er 

Muscle 

f 

Amino-N 


Amiiio-N 


content per 


content per 

Number of 

100 g. liver 

Number of 

100 g, muscle 

animals 

mg. 

animals 

mg. 

23 

47-7 

24 

58*8 

15 

44-9 

19 

54*7 

11 

44-6 

10 

54*9 

15 

43*3 

18 

55*9 
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It follows that the reductions obtained in the ainino-nitrogen content nf 
hver and muscle by injection of insuhn are not appreciably lessened if at .11 
by the simultaneous injection of adrenaline. In fact, adrenaline alone tos found 

to lower the ammo-nitrogen content~a point of some importance to which 

wti sliall presently return. duiuii 

The rats used in the experiments Just described were analysed in pairs so 
selecled that the members of any given pair were of the s^me sex^ closed 
.sHuiJar m age and weight, and, when possible, of the same litter The ol 
mcmlicr of the pair received either saline or insulin, while the other received 
either adrenaline or imsulm plus adrenaline. Analysis of the data from suS 
paired expmments led to the same conclusion. Thus we ob.served in nnSe 
that although the ammo-nitrogen content of the groups of saline controls i' 

with these were uniformly le.ss. For example, .six rats which received insulin 
hail an average ammo-nitrogen content in muscle of 53-0 The saline cnnh-nl 

^ . a- be coiiespondmg values for nine adrenaline animals and their saline 

""T 3-5. For six animals receiving insulin 

adrenaline the corresponding values were 56-8, 60-2 and 3-4. ^ 

I cianges in the basal level of amino-nitrogen content reflected in tlie 
tliP 6ata we approached the problem afresh by .studvincr 

Table II. The effect, of balmiced injections of insulin and adretialine mi the 
sugar ami ammo-nitrogen content of blood. 


Animal 

1 A 

2 A 
i B 
2B 
3B 
5B 
6B 
7B 
5B 
7 ,B 
2C 
1 C 
SB 
6B 
7 B 
SC 
4C 
5C 


(Sugar 

mg. per 100 cc. blood 


' 0 


3|- bours 

105 

88 

100 

105 

112 

118 

106 

115 

108 

83 

121 

129 

100 

149 

110 

114 

115 

118 

88 

119 

114 

82 

119 

91 

121 

110 

119 

149 

105 

118 

118 

108 

122 

128 

100 

95 


110 U2 




mg. per 100 cc. blood 

0 

3J hour 

9-4 

■7*8 

9-3 

7*6 

7-1 

6*7 

9*6 

7*3 

8-3 

8*2 

8-8 

8*7 

8-8 

8*1 

8-9 

8-2 

8-8 

7-5 

8-1 

6*5 

10*0 

7*3 

9*3 

7*0 

7*8 

6*9 

S-4 

6*6 

8-5 

6*6 

10-2 

8*2 

9-3 

6*6 

8*3 

. 6*5 

8*8 

7*3 



|. 
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so injected, five blood-sugar determinations were made during 3i hours following 
the initial injection. All the values fell between 99 and 118 mg./lOO cc. Eighteen 
experiments were performed. De.spite the absence of hypoglyoaemia a definite 
fall ill amino-nitrogen was observed, the decrease being 17 % as against a mean 
fall of 21 % resulting from insulin alone. The means for all experiments follow: 

Amino-N Before 8-8 Snaar Before 110-2 

mg. per 100 00 . After 7-3 mg. per 100 oc. After 112-2 

The complete results are p-esented in Table II. They indicate that a per- 
sistent hypoamino-acidaeinia is obtained even ivlieii hypoglycaernia has been 

prevented. 

ExPERIMEJTTS WIT.H ADEEXALm.E ALON.B. 


Altiioiigli the literature contains two papers [Loeper et al, 1926; Piitschkow 
and Krassiiow, 1928] on the amino -nitrogen content of the blood of adreiial- 
ectomised animals and ot!ie.r coinmiiiiicatioiis on the effect of adrena.liiie upon 
■\‘^aiioiis aspects of protein metabolism, the results reported are iiiarkedly dis- 
cordant. iSiiiee no one seems to have studied the effect of adrenaline upon, the 
amino-nitrogen content of the blood of normal animals, we undertook the ex- 
periments summarised in Table III. Fasting rabbits again were used. It will be 
seen that adreiiaHiie is fully as effective as insulin in lowering the amino-nitrogen 
content of blood. 

, lable III. Ihe effect of adrenalhie on the oniino'-nitrogen content of blood. 


Sugar 

mg. per 100 cc. blood 


110 


Ainino-X 

mg. per 100 cc. blood 


9-3 


Animal 

0 

3-|- hours 

■ 

0 

A 

34 hours 

1 A 

116 

238 

10-1 


2 A 

114 

263 

9*8 


3B 

104 

256 

8*6 


2B 

102 

250 

9-3 

7-2 

0 B 

111 

298 

9-2 

7-8 

7B 

6B 

110 

282 

254 

9-6 

9-0 

7-5 

7*0 

8:b 

111 

200 

8-6 

6*8 


.Experiments with posterior pituitary extracts and insulin. 

The kiiowm aiitagoiiisiii between certain pituitary principles and insulin 
[Burn, 1923; Olmsted and Logan, 1923] led us to investigate the effect of 
posterior pituitary extracts upon insulin lij^poamino-acidaemia. 

Ill the first group of experiments extracts of Armour’s powdered posterior 
pituitary were used. The extracts were prepared according to the U.S. Fharma- 
copoeia [1926] and were based on the acetic acid extraction method of Aldrich 
[1908]. In the remaining experiments the oxytocic and vasopressor preparations 
of Kamm et al [1928] known as putocin and pitressin were used^. Fasting rabbits 
were ^ employed throughout. The results, presented in Table IV, show that 
pitociii with insulin caused very substantial decreases in the amino -nitrogen 
content of blood, the decreases being somewhat greater than we generally 
observe with insulin alone. At the same time the hypoglycaemic action of the 
iiisiiliii was reduced, especially with the smaller dose of pitocin (12 uiiits/kg.). 

^ We are indebted to Parke, Davis and Company for supplying the pitocin and pitressin used 
in t,l.iis work. 
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Table IV. TU effect of posterior pituitary extracts and insulin on the 
sugar and amino-nitrogen contents of blood. 


Sugar 

. per 100 cc. blood 


Amino -]S[ 

mg. per 100 cc. blood 


0 

1 

hour 

24 

hoiirs 

.hours 

0 

1 

hour 

24 

hours 

3^ 

hours 

1,17 

75 

49 

52 

S-6 

8-3 

8-3 

8 -“>) 

98 

73 

51 ^ 

56 

9-7 

9-4 

8*5 

9*0 f 

106 

92 

70 

71 

9*3 


7*2 

6*9) 

.1 1 o 

67 

61 

69 

7*8 

8-1 

6*7 

6*7 i 

125 

112 

89 

99 

8-1 

7*2 

6*4 

u / J 
6*2 

101 

112 

133 

95 

SO 

9-2 

8-8 

7*3 

7*0 

73 

58 

60 

10-8 

9-0 

8*2 

7*9 

.1 1 0 

70 

so 

63 

67 

66 

10-0 

8-6 

8*0 

7*9 

IHO 

IM 

117 


Obi 

65 

8-0 

8-1 

8-7 

8-5 

6*8 

6*8 

6*8 

6*8 


71 

78 

9-0 

10-0 

8*4 

7*9 

03 

83 

69 

57 

8-9 

9-6 

7*8 

1-2 

1,10 

114 

JIS 

123 

69 

61 

65 

71 

9d 

8*8 

9*6 

9-1 

8*1 

8*8 

7*9 

8-5 


Preparation used 
ill conjiiiietioii 
with iiisiiliii 
’ (1 iinit/lvg.) 

Acetic acid extract 
1 cc./kg. 

Acetic acid exti’act 
_ 2 cc./kg. 

Pitocin l2 iiiiits/fcg. 

Pitocin IS imits/kg. 
(divided dose) ' 

Pitressiii 10 units /ks. 
Pitressin 15 uiiitsjkg. 
Pitressin 15 imits/k<i'. 

(divided dose) 
Pitressin 20 uiiits/kg. 
(divided dose) 


mtli tho ciiriom oVoepkuf p„! 1 m 

amino-nitrogen content [cf. Biselioff and Lono^ increase m tlie 

;r,‘r k“ rf'- p-'™™ “'“i" «« 

nit,og», oiinil., to that obtoiaod win, ptoSlS^ “ ™°' 

aminl the r.aulte Mic.to that tho 

aetivifA^ ^ activity of insulin is independent of its Jiypoo'lvcaemie 

»n;i":y”i„x.£i“” do 2 zSto’f 

M.g™t nS Sa't 'V **"’ “hdi'tta of 

tali,. ' p“*« “ m antagotost to 

Discussion. 

Tlie priiicipai result of these studies to vvliicli we wish fn d^Ax/ -<-• 

we fee], may be found in Yp An explanation, 

decreas;. yth adrenaline alone wlih caused 

saliii alone The faet * * 4. ^ gieat as those obtained with in- 

alone, ihe fact that injected insuHn provokes an increased secretion of 
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adi’emline [Cannon e^al, 1924; HoussayeiaL, 1924; Kugelmann, 1931; LaBarre 
and Houssa, 1932] leads us to suggest, in the light of our present findings that 
adrenalme rather than insulin may be responsible for the decreases in amino- 
nitrogen reported m this series of papers. Other results obtained by the use of 
partially mactive nisulin [Davis et al, 1933] and low dosages of active insulin 
[Luck and \ an Wuikle] strongly support this conclusion. If adrenaUne be the 
agent responsible for hypoamino-acidaemia, it is to be expected, as we have 
shown, that the prevention of insulin hypoglycaemia by adrenaline would be 
without ettect upon the amino -nitrogen reduction. We are unaware of any work 
which indicate, s whether insului would continue to provoke an inoreasecl secre- 
tion of adrenaline when hj^poglycaemia is completely prevented bv the simul- 
taneous administration of glucose. Should it not do so, the observations of Luck 
and Spaulding [1928-29] could not be reconciled with the hypothesis that 
adrenaline, to the exclnsion of insulin, is responsible for the hypoaiWio-aeidaemia 
repoited in this series of experiments. In consequence, the possibility that amino- 
acid lowering may be a primary and independent function of both insulin and 
adrenaline cannot be ignored. We hope that other experiments, to be undertaken 
before long, may give a conclusive answer to this question. 


SUIVIMAEY. 

1. Crystalline insulin is as effective as amorphous insulin in reducing the 
ammo-nitrogen content of the blood of normal rabbits. 

2 The amino-nitrogen contents of liver and muscle are reduced alike by 
insulin, adrenaline, or balanced injections of insului and adrenaline together 

3. Though hypoglycaemia be prevented by the use of balanced injections 
of msuhn and adrenahne, hypoamino-acidaemia is still observed. 

4. Adi-enahne alone is as effective as insulin in reducing the concentration 
01 blood -ammo -nitrogen. 

5. Pitocin lessens the hypoglycaemie action of insulin and increases slightly 

tne amino-acid-ioweriiig activity. 

^ 6. Pitiessiii given with insulin causes a slight and transitory .liyperaiiiino- 
acidaemia followed by liypoamino-acidaemia. 

Tir indebted to the Council on Pharmacy and Chemistry, American 

Medical Association, for supporting this investigation. 
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CCXXV. STUDIES ON BACTERIAL 
PHOSPHATASES. 

I, THE DECOMPOSITION OF PHOSPHORIC ACID 
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From the Department of BiocheMistry, U niversity of Toronto. 

(Received July 13th, 1933.) 

The conception of the phosphoric esterification of sugars as a necessary step 
m their metabolism in bacterial cells folWs logically from considerations of 
carbohydrate breakdown in muscle and in yeast. But the experimental evidence 

111 siippoi t of tills coiicoption in the case of bactenia is not very extensive and 
information regarding the bacterial phosphatase systems which are responsible 
for synthesis and hydrolysis of phosphoric acid esters is very limited indeed, 
prtanen and Tikka [1930] succeeded in isolating from a mixture eontainino-, 

initially, glucose, inorganic phosphate and dried Bacterium casei e two liexose- 
phosphoric acid esters. One of these resembled the Robison ester, while the 
barium salt of the other had the formula . This appears to be 

the only reported case where the product of the phosphoric esterification of a 
sugar, as eftected by bacteria, has been, isolated. Virtanen had previously ob- 
tained some evidence of such a transformation with Bacterium casei € [1924], 
Streptococcus lactis [1925, 1] and Bacterium acidi pro-jnonici b [1925, 2], but the 
ester was not isolated in any of these experiments. However it has been shown 
that several species of bacteria possess an enzyme system which is able to 
form methylglyoxal from hexosephosjihates. Such species are Bacillus delbruchi 
[Neuberg and Kobel, 1929], Bact, coli [Fromageot, 1929], Bact lactis aerogene 
[Neuberg and Scheuer, 1930], tubercle and timothy bacilli [Kuroya, 1931], 
O. acetobutylicum [Pett and Wynne, 1932, 1] and Propionibacterium je 7 isemi 
[rett and Wynne, 1932, 2]. These findings suggest that hexosephosphates pUy 
a significant part in the carbohydrate metabolism of these organisms. 

\ ei y ^ little information is available in the literature with respect to the 
hydrolytic action of bacteria upon phosphoric esters. Manning [1927] has shown 
that Bact. coli cofnmune ferments the sodium salts of both hexosediphosphoric 
acid and “hexosemonophosphoric ” acid synthesised by yeast. Under either 
aerobic or anaerobic conditions decomposition proceeded with the formation of 
products normally found in glucose fermentations. The concentration of the 
diphosphate used ^ was about 2-5 %. The fact that the ester is fermented by 
Bact. coll is' not, in itself, evidence that a phosphatase is present, since it is 
conceivable that the glycolytic mechanism of the organism is able to ferment 
tile glucose portion of the ester without preliminary hydrolysis. Recent obser- 
vations of Boiviii and Mesrobeau [1933], however, have led to the conclusion 
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that a phosphatase is actually, present in Bact. coli. In the present work it is 
shown that Cl. aceiobutylicum possesses an active phosphatase, although sodium 
hexosediphosphate even in low concentration is not fermented by the livino- 
cells when no other carbohydrate is present. ‘ * 


Experimental. 


In order to test the ability of the Imng organisms to ferment directly sodium 
he.\-osediphosphate, sterile solutions containing 1-2 % of the ester 0-6 »/ of 
peptone, traces of NaCl and MgSO,, and shredded filter-paper were inoculated 
with portions of suspensions ol washed and of unwashed organisms removed 
from an active glucose-peptone culture at the age of 20 hours. The test media 
contained in tubes, w^ere incubated both aerobically and anaei’obically at 37° 
gases formed in non-evacuated tubes were collected over dilute IRSO 
Siinibn- tubes containing 3 % glucose-0-6 % peptone were treated in the saine 
manner. The glucose tubes all yielded normal volumes of mixed gases, but not 
even after 2 weeks’ incubation did any tube containing hexosediphosphate 
evolve a trace of gas. Iii all cases, however, growth occurred, due to the presence 
of peptone. The results indicate that sodium hexosediphosphate in the relative] v 
low concentration of 1-2 % is not fermented by the fivmg organism in th^ 
manner in which glucose is fermented. No attempt was made to determme 
whether any h5^di'olysis of the ester took place. In view of Manning’s results 
with Bact. coh, the fermentation of the same hexosediphosphate preparation 
by the latter organism w-as tested. Media similar to those described above were 
inoeuMed with Bact. coli prepared according to the method described by 
Mamimg. bmall portions of a suspension of organisms added to steiile glueose- 
peptone and liexosediphosphate-peptone solutions caused vigorous fermentation 
m 24 hours. Ihe sodium hexosediphosphate used in these experiments and in 
those which follow was prepared sjmthetically with the aid of zymin made from 
brewer’ s top yeast. 


The hydrolysis of sodimn hexosediphosphate by Cl. acetobutyliciim 
in active glucose fermentations. 


_ Into each of nine tubes contammg shredded filter-paper were introduced 
lo ce. of o /o glucose-1-0 % peptone solution; the tubes were sterilised, and 
yar,> mg amounts oi sterile sodium hexosediphosphate solution of known strength 
m addition to sufficient sterile -w'ater to make the volume 25 cc. ivere added. 
Each tube was inoculated with 0-5 ec. of an active maize culture of the organism 
ML nieubated for o days at 37-5°. The liberated gases were collected over dilute 
MgbOj and the volumes, corrected to 20° and constant pressure, were measured 
at intervals during the fermentation and at the end. The final inorganic phos- 
Swpt tubes was estimated by the Briggs method, final reducing 

Shaffer and Hartmann. Sodium hexosediphosphate 

tS? rll , rf ? concentrations, 

tra+v ° "^j clrolysis of the added ester was plotted against concen- 

tw ™ observed that greatest hydrolysis occurred 

,-t y ,1 Pi'esent m a concentration of approximately 6-05 % . But 

dlobo ^ concentrations of the'hexose- 

S o' i f' y m! % practically no additional inorganic phos- 

yrlihhTr possibly be explained on the basis that the 

nhbe nr was practically completely saturated by 0-2 % hexosediphos- 

ma} je due to an, inhibitory effect of the accumulated inorganic 
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pJiospliate. T-lie added hexosedipliospliate did not affect the rate of feriiieiita- 
tioii except in concentrations liiglier than 0*35 % where there was definite 

retardation. 


"0 O'lO 0-20 ~ '“odo "”^0 

% sodium liexosedipliospliate initially present 

Fig. 1. Hydrolysis of sodium liexosedipliospliate in active cultures of Cl. acetobiitylicum.. 

Since it was shown in the last experiment that added sodium hexosediplios- 
phate was J3artially hydrolysed in active glucose fermentations, the rate of 
hydrolysis in relation to the general progress of the fermentation as indicated 

the development of acid was next studied. For this purpose four flasks were 
prepared, containing the solutions specified. 

(1) Experimental flask: 300 cc. of a sterile solution coiitainmg 3 % glucose, 
0-6 % peptone and 0-04 % sodium hexosediphosphate ; (2) three control flasks: 
{a) 100 cc. of a sterile 0-04 % solution of sodium hexosediphosphate; (b) 100 cc. 
of a sterile 0*04 % solution of the diphosphate in which were dissolved quantities 
of acetic and biit37i*ic acids such that their concentrations approximated to the 
amounts present in a normal 3 % glucose culture at maximum acidity; (c) 300 cc. 
of sterile 3 % glucose~0*6 % peptone solution. 

Ilasks 1 and 2 c were inoculated with 5 cc. of an active maize culture and 
all flasks were incubated at 37°. The changes in the total acid and inorganic 
phosphate contents of flask 1 are illustrated in B’ig. 2. No significant change in 


80 120 
x4ge of culture in hours 


Fig. 2. Hate of hydrolysis of sodium hexosediphosphate in an active culture of CL acdobuiylkimi. 
a, titratabie acidity; 6, inorganic phosphorus. 
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inorganic pliospliate. occiirrecl in any of tlie control flasks in 170 lioiirs, but there 
was cpiite extensive hydrol^^sis of the hexosediphospliate in flask 1 , The enzyme 
responsible for this hydrotysis did not come into effective action until the second 
phase of the feriiientation. In this phase there is little or no further increase 
ill tlie number of cells but frequently a decrease ; during this period part of the 
accumulated acetic and biitjnic acids is converted into acetone and butyl alcohol 
at a rate wliicli is comparable with the rate of accumulation of the acids in the 
first phase. The marked increase in the rate of hydrolysis in the second period 
suggests either that some of the cells have become more permeable to the enzvnie 
or that the enz^mie may have been liberated from cells which hay© actiially 
undergone disintegration. It is not unlikely that' a small portion of the liberated 
inorganic phosphate had its origin in the' complex esters of the cell. The slight 
decrease in free phosphate in the early part of the fermentation suggests the 
formation of such esters during active growth. 

Hydrolysis of glycerophosphate. 

Ill the previous experiments the presence of a liexosephospliatas© in active 
cultures was demonstrated : it was of interest to learn wlietlier glycerophosphate, 
under similar conditions, would undergo hydrolysis. A series of flasks was pre- 
pared containing 3 % glucose-0-6 % peptone solution in which were dissolved 
varying amounts of sodium /3-glycerophosphate (Boots) ; water was added to 
provide equal volumes in all flasks. The sterile media were inoculated with equal 
portions of an active maize culture of the organism and incubated at 37-5° for 
5 days. From the amount of inorganic jiliosphate finally present in each flask 
the degree of hydrolysis of the glycerophosphate was calculated. The results 
are summarised in Table I. The amount of liberated phosphate increased with 
the concentration of glycerophosphate but the degree of liydrol 3 ^sis calculated 
as % of added ester was low in all flasks, reaching a maximum when the con- 
centration of the ester was approximately 0-02 % . Since glycerol is not fer- 
mented b^^ this organism there can be no possibility^ that the accumulation of 
tree phosphate is due to the operation of a glycerolytic mechanism which might 
conceit' ably release free phosphate by fermenting away the glycerol portion of 
thc:^ ester. It can be concluded, therefore, that a true phosphatase is present in 
the actively fomenting culture of the organism. 


Table I. Hydrolysis of sodium ^ -glycerophosphate in active cultures 
of CL acetobutylicum. 


Flask 

Added glycero- 
phosphate 

O' 

/o 

Total inorganic P 
after 5 days 
mg. per 10 cc. 

Inorganic P 
derived from ester 
mg. per 10 cc. 

Ester 

hydrolysed 

0/" 

/o 

1 

0-00 

0-086 




2 

0-00 

0-087 




3 

4 

O'Olo 

0-130 

0-044 

20-45 

0-030 

0-172 

0-086 

20-00 

0 

0-075 

0-177 

0-091 

8-46 

6 

0-300 

0-343 

0-257 

5-97 

'/ 

0-350 

0-407 

0-321 

6-40 

8 

0-500 

0-330 

0-244 

3-40 

9 

0-750 

No fermentation 



Attemp>ts to demoiistrate synthesis of pfhosphoric esters. 

Several attempts were made to demonstrate phosphoric esterification of 
glucose and fructose, m the presence of inorganic phosphate, by various prepara- 
tions of the organisms. These included air-dried organisms, alcohol- ether-dried 
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, organisms, dried organisms suspended in a small quantity of water and ground 

for several hours in an agate mortar with powdered glass and aiitolysed or- 
ganisms. The results were all negative: in every case a definite increase rather 
than a decrease in inorganic phosphate was observed and, simiiltaiieoiisly, the 
reducing value of the mixture increased. Detailed consideration of these ex- 
periments is reserved until further studies have been made. 

SUMMAEY. 

L Sodium liexosediphosphate in 1-2 % concentration was not fermented by 
living Glostridimn acetobutylicum. When present in 0*75 % concentration the 
diphosphate completely inhibited the fermentation of glucose in an otherwise 
favourable medium. A similar concentration of sodium /3-glyceropliospliate 
.inhibited the fermentation of glucose. 

2. In active glucose- peptone cultures of the organism both sodium liexose- 
dipliosphate and sodium /3-gIycerophosphate were appreciably hydrolysed. The 
presence of a true phosphatase in active cultures has been established. 

3. The hydrolysis of sodium liexosediphosphate proceeded most rapidly 
during the second phase of the fermentation following the time at which 
maximum acidity was attained. 

4. Attempts to demonstrate the synthetic activity of the phosphatase failed. 
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IL THE PHOSPHATASES OF CLOSTRIDIUM ACETO- 
BUTYLICUM WEIZMANN AND PROP ION IBACTERIUM 
JENSENII VAN NIEL. 

By LIONEL BRADLEY PETT and ARTHUR MARSHALL WYNNE. 
Fro7)i the De'partnwM of Biochemistry, University of Toronto. 

{Received July 13th, 1933.) 


Inteoduction. 

In a previous paper [Heard and Wynne, 1933] the presence of a phosphatase 
in active gMcose-peptone cultures of Clostridium acetobutylicum Weizmann was 
reported. It is the purpose of the present communication to describe some of 
the properties of this enzyme and of a similar enz 3 une present in Propioni- 
bacten-um je7isem% van Niel. Each of these organisms ferments various carbo- 
hydrates and certain related compounds. The first produces, as the chief end- 
products of glucose or starch breakdown, carbon dioxide, hydrogen, acetone, 
ethyl and butyl alcohols; the acetone and alcohols ai'e derived from acetic and 
but 5 Tic acids formed as intermediary compounds. The second organism may be 
regarded as being representative of a rather large group of bacteria which 
ferment sugars and some related compounds with the formation of acetic and 
propionic acids [van Niel, 1928]. 

.Phosphatases exhibit marked differences in their pjj-aotivity relationships. 
Ihose of mammalian tissues are, ui most cases, much more active under alkahne 
than acid conditions, irrespective of the nature of the substrate. UsuaUy the 
speed of hydrolysis reaches a maximum at about 9, although, as Kay [1932] 
points out, this is 23robably onty an apparent optimum since inactivation of the 
eimyrne m more alkaline media may affect the exact identification of the optimum 
reaction. Roche [1931] observed that the phosphatase of certain mammalian 
erythrocjdes appeared to differ from other mammahan phosphatases since it had 
a Ph optimum of o-8 to 6-8 varying with the substrate. Among fungi and hisher 
plants the few phosphatase systems which have been investigated are all most 
active under acid conditions. For example, the enzymes of Aspergillus oryzae 
and A. niger havepn optima varying from 3-1 to 5-5 according to 'the method 
of preparation and the nature of the substrate [Asakawa, 1929] Yeast phos- 
phatase, whether acting hydrolyticaUy [Kertesz, 1930] or syntheticaUy [Euler 
and Nordknd, 1J21], is most active p^ 6-4, soya bean phosphatase at about 
1 + • 1 t’ phosphatase at pg- 4-3 [Horiuchi, 1931]. 

am? Til t! phosphatases very Uttle is known. Virtanen [1927 ; Virtanen 

bvBarf as the optimum for phosphoric esterification 

bj Lfflcf. OTsei e The fact that the phosphatase of Cl. acetobutylicum was found 
by Heard and Wpme [1933] to be active, hydrolytically, in growing cultures 
of the organism suggests that the enzyme prefers an acid medium. Quite recently 
has been stated by Boivm and Mesrobeau [1933] that both Bacterium coli 
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and Staphylococcus aureus possess two phosphatase sj^stems which exhibit 
optiiiiiim activity at pjj 7 and 10. This conclusion was based on studies iiiTolvin^ 
the autolytic liberation^ of free phosphate from the complex esters of the cell 
Mo S 3 .'stematic stiid}?- of the phosphatase of anj^ bacterial species has come to 
the attention of the authors. 

Ivegaiding the specific behaviour of the various phosphatases no conclusion 
can jet be reached. Strong evidence was advanced by Kay [1928; 1932] in 
favour of the identit}/ of the phosphatases of mammalian bonej intestinal mucosa, 
kidney and blood-plasma. Recent observations, however [Roche, 1931 ; Jacobsen, 
1931, Edlbacher and Kutscher, 1932] indicate that certain other inainmalian 
phosphatases exhibit marked differences of behaviour. Moreover, the fact that 
phosphatases of higher plants and fungi have optima which are widely 
diveigent fiom the values characteristic of the mammalian enzj^mes iiia\^ 
possibty be regarded as evidence of certain fundamental differences in the 
enzyme systems. The phosphatases of the two bacterial species investigated in 
the' present work are shown to differ not only from mammalian and plant 
phosphatases but also from each other in several respects. 

Expeeimental. 

(A) Materials and methods. 

Substrates. The glycerophosphates used were ‘‘sodium glycerophosphate 644 ” 
prepared by the Eastman Kodak Company and shown Ka 3 ^ and Lee [1931] 
to he almost entirely the ^-ester, and sodium a-glyceropiiosphate (Boots) which 
contained onlj^ small amounts of the /3-ester. Unless otherwise stated, the term 
glycerophosphate, wherever employed in this paper, refers to the ^-ester. 
bodium hexosediphosphate was prepared from commercial calcium liexosephos- 
phate somewhat after the manner described by Meuberg and Sabetay [1925]. 
The preparation, as finallj^ used, still contained a small quantitj^ of a niono- 
phosphoric ester and a trace of inorganic phosphate. The sodium pyrophospliate 
©mploj^ed ivas Baker s C.P. grade and was heated to remove traces of ortho- 
phosphate. All these compounds give alkaline solutions; the}^ were therefore 
adjusted to the desired pj_-^ with HCl before using. 

General ex'perimental conditions. The reaction mixtures were usually buffered 
with 0*02oJf potassium hydrogen phtlialate, this concentration being an effective 
buffer but having no appreciable inhibitory effect on the enzjmie activlt 3 ^ 
Toluene was added, and the mixtures were rocked in L- shaped tubes in a water- 
bath at 37-5°. At suitable intervals 2 cc. samples were removed and added to 
10 cc. portions of o % trichloroacetic acid solution in centrifuge -tubes. After 
centrifuging, 10 cc. of the clear liquid were removed with a pipette, and the 
inorganic phosphorus was determined by the Briggs method. Control tubes 
containing substrate -f buffer and enzyme + buffer w^ere included in all experi- 
ments. Phosphorus values are expressed as mg. of phosphorus present as 
inorganic phosphate in 10 cc. of reaction mixture. 

Preparation of the enzyme. Attempts were made in the case of each organism 
to determine whether phosphatase was present in the culture medium in which 
the bacteria had been grown. When the number of cells had reached a maximum 
thc}^ were removed in the Sharpies centrifuge, the clear liquid was concentrated 
at low temperature to a tw^entieth of the original volume and was tested for 
enzyme activit}^. MTo phosphatase could be detected in any such preparation: 
the treatment was probably not destructive since am 3 dase was alwa 3 ^s present 
in the concentrates of the liquid obtained from the Clostridium cultures. 
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It, was found, however, that in the ease of both organisms }3liospliatase can 
he sliowii to be present in the dried cells as well as in suspensions of living cells 
to wliicii toluene is added. Dried preparations were found to be more stable 
and more convenient and therefore they wnre emplo 3 ’ed in preference to pre^ 
pa, rations of toluene- treated organisms. 

CL acCoimL/Umim -was growm at 37® in a medium containing 4 % glucose, 
1 % ] 10 [jtoiio and shredded filter-paper. After about 20 hours’ incubation the 
ciiltui'e vn,s filtered through cheese cloth and centrifuged. The organisms w^ere 
washed tw-’ice with distilled w-ater, spread on a glass plate, dried at room teiii- 
peratiire in a current of air, ground to a powder and preserved in a desiccator. 
This^dry material loses about one-third of its phosphatase activity in a month 
at 4'“' and becomes practicaiW inactive after 5 months. Some variations were 
observed in the activity of the dried organisms depending on the age of the 
cultiirc’i at the time of the removal of the cells. Greatest activity per g. of dried 
cells iisiialty occurs at the age of 18 to 20 hours: this period in the fermentation 
of carboli 3 'drate h\^ Cl, acetobutyliciim is a critical one, for it is at this time that 
the cell count reaches its maximum, the acidity reaches its peak, and the second 
phase of the fermentation begins. Just after the period of maximum acidity 
the plK3spliatase activity per g. of dried ceils usually drops appreciabty, but it 
then rises again to a value approaching the maximum, and, after several hours, 
it finally fails to a value which may be only a small fraction of the maximum 
activity. This final drop is freqiientW very rapid in cultures more than 60 hours 
old. The pl\ysiological significance of these variations is not clear. It is possible 
partiaUy to remove the enzjmie from the dried cells simpjle aqueous extraction. 
-From such extracts and others, more concentrated and considerabty purified 
pi e j)arations of the enzjmie can be made. In the present work, however, only 
the dried cells were emploj^ed. 

Propionibactermm jensenii was grown at 30® for 7 to 10 days in a medium 
containing 3 % glucose, or 2 % glycerol, and 0-6 % peptone. Sterilised extract 
01 fiesh staich-free yeast constituted 10 % of the liquid of the medium ; the 
remainder was distilled water. The medium was adjusted to pjj 7T before final 
sterilisation. After incubation the organisms were removed by centrifuging 
and were treated in the manner described above. The phosphatase of the dried 
po^vder is quite stable : in 6 months in the desiccator at room temperature about 
one -half of the activity disappears. 

^ In the experiments reported the dried organisms were used in the proportion 
of 0-10 g. to 10 cc. of reaction mixture, unless otherwise stated. 


(B) Some properties of the enzymes. 

(1) -^jj^-activity. Each tube of a series received 5 cc. of phtlialate biiffer 
havmg approximately the desired p^ except in the alkaline range where no 
butter was used, 0*10 g. dried bacteria and 5 cc. of 0-3 % substrate. The p-^ of 
each mixture was determined electronietrically at the beginning and end of 
eac 1 ^igestioii and if it changed more than 0-2 unit the experiment was re- 
peated. Under these conditions the rate of Ipydroh^sis is constant for the first 
JJ minutes, but during the next half-hour the velocity begins to fall off quit© 
appreciably It is usually preferable in such experiments to use initial velocities 
as criteria of activity rather than the changes brought about during an arbitrary 
time interval or at equiUbrium. In the present work, however, the same 
optimum pjj IS obtained whether initial velocities or equilibrium values are 


! 
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Me, suits with Cl. acetobut 3 dicum. With sodium glycerophosphate, eitli( 3 r a- 
or /S-, the optimiiiii is at approximately pjj jS-ester being hydrolysed 

more rapidl}^ than the a -form. The optimum for sodium hexosediphosphate is 
at pij 6-0. Fig. 1 illustrates the result of a tj^ical experiment in which glycero- 



h Fig. 2. 

Pig. 1. The pH-activity curves of the phosphatases of Cl acetohiUyUcum 
acting on glycerophosphate (broken line), and on hexosediphosphate. 

Fig. 2. The activity curve of the pyrophosphatase of Cl acetohutylimm. 

phosphate and hexosediphosphate were hydrolysed. The organism also possesses 
a very active pyrophosphatase whose Pj^-activity relationships are illustrated 
in Fig. 2. The optimum is at 7-2. 

Results with P. jenseiiii. With sodium glycerophosphate, either a- or /?-, the 
optimum is at about pjj 7*0, the oc-ester in this case being hydrotysed faster 
than the ^-forni. With sodium hexosediphosphate the optimum is at about 
Pjj 6*0 and with sodium pyrophosphate at pjj 7*0. The pyrophosphatase is here 



Fig. 3. The _pH-activity curves of the phosphatases of Jensenii acting on glycerophosphate 
(broken line), on hexosediphosphate and on pyrophosphate (with crosses). 








very^ much weaker than the other two phosphatases whereas in the Clostridmm 
it is much more active. Fig. 3 shows the results of a ty^pical experiment in which 
the propionic acid organism was used. 
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(2) Relation of reaction velocity to enzyme, concentration. In establishino- n 
eormlatioii between enzyme concentration and speed of reaction it is necessary 
of substrate such that the largest amount of enzyme 
in t sent in any digest is completely saturated. Furthermore, since nromessiye 
maetivation of the enzAune frequently occurs in all but the very early steges of 
the reaction, consideration must be hmited to the linear portions of the progress 
curves such as those illustrated in Fig. 4. By makmg use of such constant initial 
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Fig. 5. The relation between enzyme concentration and rate of hydrolysis. 

phate in 1 hour The Hnearitv is «i^-l liberated as inorganic phos- 

tm-e pre^redt'^o'f sudbTtoenrdh^thTt ^ of N'aH 2 P 04 adjusted to 5-1 
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listed ill Table I. Tiie iiiiiibitory effects of these concentrations on ])lios]i]ia.tase 
activity were determined in digests containing 5 cc. buffer, 0*1 g. dried organisms 
{CUostridmm) , 4 cc. of 0*4 % sodium gtyceropbosphate and 1 cc. of the phosphate 
solution. Control digests without added phosphate w^ere run concurrently. The 
inhibitory effects, siiiiimarised in Table I, are of the same order of magnitude as 
those reported for mammalian phosphatase [Kay, 1928]. 


Table I. The inhibition of phosphatase by inorganic phosphate. 


Initial concentration of 
phosphate 

Jf/500 

ih7200 

Jf/lOO 


Degree of inhi})ition 

O' 

/o 

8 

20 

80 


(4) Effect of toluene. Toluene was added in increasing amounts, up to 1 cc., 
to a series of tubes containing 0*1 g. dried organisms, 0*15 % substrate and 
suitable buffer in a total volume of 10 cc. Both organisms were used and both 
gl^meropliospliate and hexosediphosphate were employed as substrates but in 
none of the four experiments did the added toluene intiuence the rate or degree 
of the digestion. This result is at variance with the finding of Myrback and 
Euler [1929] who reported an inhibitory effect of toluene on the hexosephos- 
phatase of dried 3 reast. 

(5) Effect of magnesium ions, Eor the purpose of investigating the possible 
activating effect of magnesium ions the increase in inorganic phosphate in 
1 hour was measured in a series of tubes each containing 0*1 g. dried organisms, 
5 cc. buff'er of the proper p ^^ , 4 cc. of substrate solution and i cc. of MgClg 
solution of such strength as to give the desired final concentration. The concen- 
trations of the tlnee substrates, sodium gljmerophosphate, sodium liexosedi- 
phosphate and sodium p}mophosphate, initially present in the digests, were 
0*50, 0*18 and 0-50 % respectivehu Suitable controls were run in all experi- 


Concentration of magnesium ( 31 ) 


0-000003 0-00003 0-003 0-03 




x 

O 

CD 


Fig. 6. The activity at different magnesium concentrations of the phosphatases of CL actlo- 
hutylimim acting on glycerophosphate (broken line), on liexosediphosphate and on pyi'o- 
phosphate (with crosses). 
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ments. No difference could be detected between the action of MeCl, and Mo-SO 
A o sipificaiit change in was observed in any digest during the period of tii' 

(Krtr.rtmVm'irT concentrations investigated extended from 

0 d io (too 0(103 1/. Suice such a wide range of concentrations is difficult to plot 
convciiientl.is the practice of Jenner and Kaj^ [1931] has been adopted- the 
s^ mbol q has been used to represent the negative logarithm of the molar 
conceutration of magnesium. This symbol has a meaning similar to that of »- 
_)iit iivoids the question as to whether the magnesium is present entii-elv in the 

In Ing. 6 the effects of different concentrations of magnesium on the phos 
pluuase aetmty of dried Clostridium, are illustrated. For the hvdrolyfis of 
gl\ ccmpho.sphate and hexosediphosphate the optimum concentration is g,/'2-.5 
. l',' 1 4-5. In each case it is observed that 

W'+i concentration of magnesium retards the action of the eiizvme 
Yitli the propionic acid organism much greater activating effects of mag 
ne.snim wmc obsjved. Typical results are. illustrated in Pig. 7 from wMch it fs 
•Xritt “ concentration is ,,, 2-5 for the hydrolysis o^ all t^L: 

Concentration of magnesium (ilf) 

0-00003 0-003 0-03 



“ 1-8- 



tc I 

s 






\ 4 0-40 Pd 

V si 

0-20 J 


4-5 3*5 2*5 1*5 0*5 

S'Mg of the reaction mixture 


(witli crosses). ^ loroxen line), on hexosedipliospliate and on pyrophosphate 

of tSS .ZTfof “ ““y 

two organisms. For purposes of com-n'^^ ^ o the phosphatase systems of the 
activity in the abseLfof Sd inn the value 100 is assigned to the 

the various concentrations tf fonrn t/'^® a® influenced bv 

each substrate th? amfLcei tinn of 

O-o % sodium glvcerophoXate ? throughout the series, namely 

sodium pyrophosphate. The procedure ad7u1^!77 % 

above for the study of the effLt ofmnan^ ^ 7® ^® described 

as a measure of aftivitv except in Sa T f tl * 

by the propionic acid organism where 0-‘> v dried of pyrophosphate 

^ to- tilled oigaiiisms was used and the 
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digestion was allowed to proceed for 4 hours. This reaction is much slower than 
tile hydrolysis of the other two substrates by this organism. The figures in 
Table II are comparable for each substrate and are reproducible to ■within abo'iit 
5 % witli a given enzyme preparation. Portions of the same eiiz^niie preparation 
of each organism were used throughout. 

An examination of Table II shows that magnesium was the only ion which 
accelerated the rate of hydrolysis of ail substrates by the phosphatases of both 
organisms. Zinc, in low concentrations, caused definite activation of the pyro- 
pliospliatase of both organisms. Fluoride, in certain concentrations, retarded 
file lyydrolysis of glycerophosphate and pyrophosphate but not that of hexose- 
diphospliate. 

In c^;>nductiiig these experiments careful consideration was given to several 
important factors. The various solutions added to the digests were first adjusted 
to ^ the Ph ultimately desired; the final p^j- at the end of the experiment was 
determined in evcny case and, if a change greater than 0*3 unit occurred, the 
experiment was repeated. Secondly it was observed that in the presence of 
certain concentrations of some of the ions, particular^ beiyllium, barium, 
mercury, silver and lead, precipitation of the substrates occurred, a factor which 
may have led indirectly to retardation of the rate of hydrolysis. It is undoubtedly 
true also that the heavy metals have a dkect inhibitoiy effect in certain concen- 
trations. Finally ^ it was necessary to consider the effect of each ion on the 
determination of inorganic phosphate from the points of view of the precipita- 
tion of the reagents and the development of the blue colour. Thus lead, silver 
and barium give such precipitates and were therefore removed with the proteins 
previous to the Briggs determination. Nitrate, cyanide and fluoride ions in 
0*1 if concentration intensify the blue colour; a correction can be applied in the 
case of nitrates but not so accurately in the other cases. However, with cyanide 
and fluoride, no such disturbing influence was observed when the concentration 
was O’Oi M or lower. 

Discussion. 

Points of interest arising from the present work are those concerned with 

(1) the question as to the siiecificity of magnesium activation and the possible 
role of ma^iesium _as a coenzyme of phosphatase systems, (2) the question as 
to the specificity of the phosphatases themselves. 

Opll the ions investigated, zinc is the only one other than magnesium which 
exhibited any activating influence in the concentrations emplo 3 ^edi. Zinc, it is 
true, appears to have a very limited, though quite definite, effect exerted’ only 
on the pju'ophosphatase systems of both organisms; the degree of activation 
IS of the same order of magnitude in the two cases and is confined to low concen- 
trations of zinc. The limitation of the zinc effect to the pjn’ophosphatase in each 
case suggests that this enzyme differs in some manner from the hexosephos- 
phatase and gtycerophospliatase of the same organism. On the other hand the 
activation by zinc may be conditioned by the nature of the substrate rather 
than by that of the enzjrme. The final interpretation of differences of this sort 
in 1 elation to eiizj^me specificitj’ must await further experimentation. 

Magnesium, however, appears to stand apart from all other ions as an 
activator of all the phosphatase sj^stems investigated in the present work. This 
lesult is in general accord with the findings of previous investigators who used 

temre these experiments were completed the arsenate ion has been found to cause a definite 
aoceleration of the rate of hydrolysis of certain substrates by dried propionic acid organisms. 
An account of these observations Avill appear in a later pajier. 
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maiiinialian. pliospliatases [Jeniier and Kay, 1931]. The apparently specific 
response to magiiesiuni of phosphatases in cells so different as those of niain- 
maMan tissues and bacteria, acting on various substrates, suggests that in.ag- 
iiesiiini must play a fiiiidanieiital role in the normal functional activity of these 
enzymes. It has been suggested that magnesium is a true coenz^une of the 
phosphatase system of mammalian tissues. In the case of the bacterial piios- 
piiatases studied in this work, this is rather unlikely : dried cells of Gl. acetohnty- 
licu'M free from detectable magnesium, were found to possess ver^^ ajDpreciable 
phosphatase activity, h or the purpose of testing this point the organisms were 
grown in a medium containing no magnesium other than that in the small 
amount of peptone present. 1 g. of the dried organisms was carefully ashed 
and the residue wms examuied for magnesium by a spot test, using ^^-nitro- 
benzoylazoiiaphthol [Feigl, 1931]. This test, senktive to 0*0002 mg. of mag- 
nesium, gave negative results; the amount of magnesium present in 0*1 g. of 
the dried cells must indeed be negligible. In spite of this, when acting on 
glycerophosphate, 0*lo % in a total volume of 10 cc., the phosphatase present 
in 0*1 g. of the dried cells liberated from the ester 0*194 mg. of inorganic phos- 
phorus ill 2 hours. Obviously the enzyme did not require for its activity the 
presence of more than an infinitesimal amount of magnesium ; it would therefore 
be incorrect to designate the magnesium ion as a coenzyme in the system under 
investigation. 


Table III. Comparative rates of hydrolysis of different substrates 
by bacterial phosphatases. 

Sodium Sodium Sodium 

Organism glycerophosphate hexosediphosphate pyrophosphate 

GlostrkUwm acetobuiylh^^ 1-0 2-0 ±0*4 6*0 ±0-6 

Propiombactermm jensenii 4.5 ^0*5 8-0 ±0-2 0*4 ±0-3 

The experiments have also a bearing on the subject of the specifi.city of the 
phosphatases, though it is realised that a study of the enzymes of only^ two 
bacterial species does not justify any wide generalisation. Points of difference 
and of similarity in the respective systems of the two organisms are apparent. 
For example the propionic acid organism has a p^mophosphatase which is very 
much weaker than the other phosphatases, whereas with the other organism 
the reverse is true. This difference and some other relationships are illustrated 
ill Table III. In this table are summarised data based ujion experiments in all 
of which the concentrations of substrate employed were such as to make possible 
the complete saturation of the enzyme, the amount of the latter being constant 
throughout. It is apparent that the ratio of the rates of hydrolysis of the 
different substrates is not the same for the two enzyme preparations. There are 
other differences between the phosphatases of the two organisms. The p-^ optima 
with sodium glycerophosphate as substrate are rather widely separated, p^_ 7*0 
for the enzyune of one organism and p^ 5*1 for that of the other. The propionic 
acid organism hydrolyses a-glycerophosphate more rapidly than the ^-ester, 
whereas with the other organism the reverse is true. The phosphatases of the 
propionic acid organism are apparently much more extensively activated by 
magnesium than are those of the other organism, though this difference may be 
related to differences in the physical conditions of the crude enzyme- containing 
preparations which were used. In general however it can be said that the eff'ects 
of the several ions on the activities of the enzymes are similar for the two 
organisms. The behaviour of the enzymes of the two species reveals other 
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similarities. The optima for the hydrolysis of either hexosediphospliate or 
pyropliosphate are the same for the two organisms. FiiiaUy the peculiar effects 
of zinc and of fluoride ions are essentially the same for both bacteria. 

From, the point of view of the substrates tiieiiiselves differences have been 
observed. Sodium fluoride in concentrations up to 0-01 If had no retarding 
effect on the hydrolysis of hexosediphosphate, whereas in considerably lower 
concentrations it retarded the rate of hydrolysis of glycerophosphate and of 
pyropliosphate. The differences in optima w^ere found to be sufficiently great 
in certain instances to suggest some form of specificity; it is possible that the 
use of purified enzyme preparations would reduce the differences, but it is unlikely 
that such optima as pg 5*1 and 7*0 for the h,ydroiysis of different substrates 
could be shitted to the same level by methods of enzyme piirification. Finally 
it may be noted that the optimum, concentration of magiiesiuni, namely 4*5, 
for the };i 3 xirolysis of pyrophosphate the propionic acid organism differs 
rather sharply from the optimum value, 2-5, which characterises all other 
coiiibiiiatioiis of enzyme and substrate studied in the present work. This latter 
value is also optimum for the activity of mammalian phospliatases rJeiiner and 
Kay, 1931]. 

Since the results reported reveal both similarities and differences a final 
decision with respect to the possible specific behaviour of the hj^-drotytic sj^steiiis 
investigated cannot, as ,yet, be reached. 

SUMMAKY. 

1. The phosphatase s^'stems of Clostridium acetohutylicum Weizmanii and 
Projnonibacterkim jensenii van Kiel have been investigated in a series of ex- 
periments in which socffum ghmerophospliate, sodium hexosediphosphate and 
sodium pja-ophosphate were emplojmd as substrates. 

2. l^arious properties and relationships of the enzjmies have been established, 
including optima, correlation between enzyme concentration and reaction 
velocity, the effects of free phosphate, of toluene and of magnesium and several 
other ions on the rate or extent of li^ydrotysis. 

3. The sigmfi.cance of the observations has been discussed in relatio.n to 
(a) the questions of the specificity of magnesium activation and of the coenzyiiiic 
nature of magnesium ions and (6) the problem of the specificity of the enzymes. 

The authors take this opportunity of expressing their gratitude to Dr H. D. 
Kay for helpful discussion of several problems and to Dr C. B. van Niel for a 
culture of the propionic acid organism. Generous contributions of calcium 
hexosediphosphate from the Winthrop Chemical Company, Inc., of Windsor, 
Ontario have greatty facilitated this work. 
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CCXXVIL THE DETERMINATION OF INORGANIC 
PHOSPHATE IN THE PRESENCE 
OF ARSENIC 



By LIONEL BRADLEY PETT. 

From the Department of Biochemistry, University of Toronto, Canada. 

(Received Jtdy ISth, 19S3.) 

.Foe the study of the effects of the arsenate ion on the activity of phosphatases 
an analytical procedure is necessary which will eliminate the usual interference 
of arsenate with the colorimetric determination of phosphate. The close chemical 
relationship of these ions and the need of avoiding hydrolysis of the residual 
phosphoric esters are factors which present serious difficulties in the solution of 
the problem in hand. None of the procedures described in the literature was 
found to be dependable, particularly with higher arsenate concentrations. 
A method has been evolved, therefore, which permits the accurate colorimetric 
determination of inorganic phosphate even in the presence of if arsenate. 


Expeeimental. 

Method of subtracting a correction for arsenate alone. 

In the few reported 'studies of the effect of arsenate on phosphatases [Neubero* 
and Leibowitz, 192/; Mayer, 1928; Macfarlane, 1930; Lohmaiin, 1930; Braiin- 
stein, 1931; Morgulis and Pinto, 1932] the methods employed usually involved 
the use of a correction, though in some instances it is not clearly indicated how 
the arsenate effect was avoided. This correction is applied by subtracting from 
the arsenate-phosphate colour value, a value obtained for the same arsenate 
concentration alone. 

Under the conditions m this laboratory the use of such a correction proved 
satisfactory only in the presence of small amounts of arsenate, and provided 
also that the time of colour development in the arsenate solution was, at the 
time of reading, precisely the same as with the solution containing arsenate and 
phosphate. Mith concentrations of arsenate higher than ilf/ 1000 this correction 
no longer gave reliable results, as shown in Table I. 

Table I. Shoioing the amount of phosphorus found in solutions of known 
arsenate and phosphate concentrations by subtracting a correction for the 
colour developed by arsenate alone. O'l mg. P was present in each case. 

mg. P found after colour 


Arsenate cone, in 


develoi)ing 


original solution 

5 mins. 

60 mins. 

120 niins. 

Jl/lO 

0460 

0-296 

0-171 

Jf/100 

0-264 

0-200 

0-115 

Jf/2o0 

0-181 

0-150 

0-108 

if/500 

0-138 

0-108 

0-104 

if/750 

0-121 

0-109 

0-103 

if/1000 

0-099 

0-101 

0-099 

il/1250 

0-101 

0-102 

0-101 
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Tlie unreliability of the correction in higher arsenate concentrations appears 
even when using Loliiiiaiin and Jendrassik’s modification [1926] of the Fiske 
and Subbarow method [1925] which, it has been claimed [Braunstein, 1931], 
gives dependable results owing to rapid development of the blue colour at 37 °. 
The arsenomolybdate blue colour takes much longer to reach a stable intensity 
and to become proportional to the amount of arsenic present than is usually 
realised. Furthermore the mixture of arsenate and phosphate develops a blue 
colour at a rate even faster than phosphate alone. However, Table I shows 
that if the colours are permitted to reach a stable state, a condition which may 
require 2 hours or more, the correction can be more accurately applied. There 
remains, of course, the great disadvantage of having in some cases to apply a 
correction equivalent to 20 or more times the amount of phosphorus present. 

Reduction of arsenate to arsenite. 

At this point it was observed that arsenite, in contrast with arsenate, does 
not give a blue colour with phosphorus reagents, using either the method of 
Fiske and Subbarow [1925] or the Briggs [1922] modification of Bell and Doisy’s 
method. This suggested reducing the arsenate to arsenite before determining 
the phosphate ; details of a method for doing this have been elaborated. 

Since this method was devised somewhat similar ideas have been found in 
two recent papers. Taiianaeff and Potschinok [1932] suggested a procedure using 
Na 2 S 03 and HNO 3 before adding the regular reagents. A trial of the method as 
outlined, proved it to be satisfactory for amounts of arsenate up to about ilf /500, 
but not more. Tscliopp and Tschopp [1932] in a valuable discussion of the 
formation of various ' hiiolybdenum-blue ” compounds indicated that the addi- 
tion of 1 cc. of 20 % NaHSOg just before adding the phosphorus reagents would 
prevent the formation of the arsenomolybdate. It is probable, however, that 
unless some time were allowed for reduction this procedure would not be very 
effective. 

The reduction of larger amounts of arsenate requires appreciable time, but 
is accelerated by higher temperatures. Temperatures from 20 ^ to 60° were tried, 
and 50° was selected as the most suitable for rapid reduction, having due regard 
to possible hydrolysis of residual phosphoric esters and to the removal of sulphur 
dioxide from the solution. 

Effect of extra bisulphite on the phosphate determination. 

The presence of sodium bisulphite in the usual phosphorus reagents had 
suggested its use for reducing the arsenate, rather than that of something which 
would have to be removed, such as HgS; but it was necessary to determine the 
effects of extra bisulphite and of added acid on the accuracy of the determina- 
tion. Table II shows the results obtained in the presence of varying amounts of 
sulphuric acid and of sodium bisulphite, using Fiske and Subbarow’ s method. 
Similar flasks were left at 50° for various times, as indicated, and the phosphate 
determinations were then made. Each 25 cc. volumetric flask had received 1 cc. 
of standard phosphate solution containing 0-1 mg. phosphorus, then the acid 
and the bisulphite ; water was added to make a volume of about 10 cc. At the 
stated time the flasks were removed from the bath, the reagents were added, 
and the solution was diluted to the mark as usual. The conditions of the ex- 
periment permitted immediate reading of the colour intensity. 

Comparing numbers 4 and 6 in Table II it is noted that an increase in the 
acid diminishes the recovery of phosphorus; a more striking effect is observed 
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Table II. Showing the effect on the phosphate determination of varying amounts 
of 3IS1 sulphuric acid mid of sodium bisulphite, acting for different times at 50° 
before the addition of phosphorus reagents. 0-1 mg. P was present in each ca.se. 


mg. P found 


cc, HoSO, 
0 

O-o 

0- o 

1 - 0 

1-0 

2-0 

2-0 


. NaHSO., 
0 

0-5 

1*0 

0- o 

1 - 0 
O-o 
1*0 


20 mins. 

0-098 

0-096 

0-091 

0-097 

0-092 

0-090 

0-087 


40 mins. 

0-102 

0-100 

0-094 

0 - 10.1 

0-095 

0-092 

0-088 


60 mins. 

0-099 

0-099 

0-095 

()-()99 

0-094 

0-092 

0-088 


as the bisulphite is increased. It is therefore necessary to avoid large amounts 
of bisulphite. By calculation 0-1 g. of NaHSOg can produce enough SO3 to 
reduce 20 cc. of 11/10 arsenate. It was therefore decided that about 04 to 0-5 g. 
of bisulphite and 0-5 cc. of acid per flask would be safe to use and give a sufficient 
excess of SO^ . These quantitie.s leave the bisulphite in excess because 0-5 cc. of 
ZN H2SO4 is equivalent to only 0-3 g. NaHSO,; if, however, trichloroacetic acid 
is used to precipitate proteins it supplies the needed extra acidity. 1 cc. of 5 °/ 
trichloroacetic acid is equivalent to 0-03 g. ISTaHSOj. Moreover, it is safe to 
iiicreasa the siilpliuric acid to 1 cc. if desired. 

The treatment with 0-5 cc. of ZN and 04 g. NaHSOg at 50° for 1 hour 

has no appreciable hydrolytic effect on 10 cc. of 2-5 % sodium ^-glycerophos- 
phate, and only very slight hydrolysis occurs with 10 cc. of 1-2 % sodium 
liexosediphosphate. 

Table III shows the times neeessarv for the reduction of various concentra- 
tions of arsenate at 20° and at 50°, aU in the presence of 0-1 mg. of phosphorus 
When the recovered value approximates to 0-1 mg. of phosphorus, reduction is 
considered to be complete. 

Table III. Showing the colour, expressed as mg. of P, developed by 0-1 mg. P 

in the form of inorganic phosphate and varying amounts of arsenate after 
redncfnon had progressed for different periods of time, at 20° and at 50°. 0-1 mg. 
P was present in each case. 

Arsenate 
concentra- 
tion in 20° 

original , 

solution 15 mins. 

i//I0 0-337 

l/,/100 0-227 

if/250 0-147 

Jf/500 0-134 

if /i 000 0-112 

if/2000 0-102 

Kone 0-098 

in it will be noted that heating at 50° is distinctly advanta- 

’ 1 being reduced in 60 minutes; M arsenate was found to 

be completely reduced in 70 minutes. It is also noteworthy that the accuracy 
impaired by leaving the flasks at 50° for an hour, even though reduction 
complete m less time. The experiment shown in the table was performed 
vitli the 0-1 mg. phosphorus present in 2 cc. of the arsenate solution, but the 


50° 


30 mins. 

45 mins. 

60 mins. 

t 

15 mins. 

30 mins. 

45 mins. 

60 mins. 

0-263 

0-190 

0-130 

0-253 

0-177 

0-126 

0-101 

0-182 

0135 

0-109 

0-156 

0-109 

0-099 

0-100 

0-114 

0-104 

0-100 

0-116 

0-100 

0-100 

0-100 

0-104 

0-100 

0-100 

0-104 

0-100 

0-100 

0-098 

0-100 

0-101 

0-099 

0-098 

0-099 

0-100 

0-098 

0-100 

0-098 

0100 

0-100 

0-100 

0-099 

0-100 

0-098 

0-099 

0-098 

0-097 

0-098 

0-100 

0-099 
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same result is obtained in about the same time if the phosphorus is present in 
10 ec. of arsenate solution of the concentration indicated. Dilution up to 15 cc. 
does not noticeably affect the reduction. 

Procedure. 

The procedure used is, therefore, as follows. All or part of the trichloroacetic 
acid filtrate of the sample from an enzyme digest is transferred accurately to a 
25 cc. volumetric flask as usual. To each flask are added 0*5 cc. of H2SO4 
and about 0-4 g. of NaHS03. The necessary bisulphite can be estimated vdth 
sufficient accuracy without weighing, after a little practice, and is introduced 
into the flask through a fiimiel. The flasks are then left in a water-bath at 50° 
(± 1°)? usually for one hour, after which they are removed, and the reagents are 
added for determining phosphate. The elevated temperature causes a more rapid 
development of the blue colour than usual, and readings may be made at once 
with Fiske and Subharow’s method, or in 15 minutes wdth Briggs’s modification 
of Bell and Doisy’s method. The standards should he developed for at least 
3 minutes at 50° in order to ensure a stable colour intensity. 

Using the procedure outlined, attempts were made to determine known 
quantities of inorganic phosphorus, each in the presence of different amounts 
of arsenate. Typical results are given in Table IV, where it is seen that the 
accuracy of the method falls within the usual limits of error for the deter- 
mination of inorganic phosphate in the absence of arsenate or other interfering 
ions. 

Table IV. Skotving the amounts of phosphorus found in mixtures of various 
amounts of arsenate and of phosphate^ after reduction of the arsenate at 50°. 

mg. P found 


After 

After 30 minutes’ reduction 60 minutes’ 

of arsenate reduction of 


mg. P 

i¥/1000 As 



ilf/100 As 

arsenate 

present 

Ml 500 As 

ilf/250 As 

ilf/10 As 

0-050 

0-049 

0-048 

0-048 

0-050 

0-050 

0-200 

0-199 

0-198 

0-197 

0-200 

0-201 

0-300 

0-296 

0-296 

0-300 

0-300 

0-306 

0-400 

0-400 

0-400 

0-400 

0-400 

0-396 


With the aid of this method an investigation of the effects of arsenate on 
the activity of the phosphatases of bacteria, yeast, taka-diastase and mammahan 
tissue has been commenced. 

Summary. 

In colorimetric phosphate determinations arsenate interferes by developing 
a blue colour with the ordinary reagents. In order to study the effects of arsenate 
oil phosphatase activity this interference must be prevented, without, at the 
same time, hydrolysing the residual phosphoric esters. No method previously 
described was found to he sufficiently accurate in the presence of the higher 
concentrations of arsenate, A satisfactory procedure has been devised involving 
reduction of the arsenate to arseiiite, a form of arsenic which does not interfere 
with the phosphate determination. 

This study has been carried out under the supervision of Prof. A. M. Wynne, 
to whom the author expresses his indebtedness. 
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CCXXVIII. STUDIES IN AVIAN CARBOHYDRATE 

METABOLISM. 

IV. FACTORS INFLUENCING THE MAINTENANCE OF 
RESPIRATION IN SURVIVING BRAIN TISSUE 
OF THE NORMAL PIGEON. 


By RUDOLPH ALBERT PETERS 
AND HUGH MACDONALD SINCLAIRS. 
From the Department of BiochemisUij, Oxford. 

{Received August 25th, 1933.) 


It is characteristic of the pigeon’s brain that the rate of respiration falls very 
rapidly during survival in Ringer-phosphate solution. The addition of glucose 
[Gavrilescu and Peters, 1931] and more so of lactate [Gavrilescu et al, 1932] 
increases the uptake over periods of an hour; even in this ease the maintenance 
of respiration clainied by a series of workers for mammalian brain is not seen 
[cf. Loebel, 1925; Meyerhof and Lohman, 1926; Warburg et al., 1924; Holmes, 
1930; Quastel and Wheatley^, 1932]. During the course of study of the 
catatorulin action of vitamin B^ concentrates [Passmore et al., 1933], we were 
obliged to attend to this matter. The problem was to determine the nature of 
the factors responsible for the gradual fall in respiration in phosphate biifPer 
solutions. Though C02-bicarbonate gives different results with some tissues, 
the advantages of phosphate for control of pu and rapid technique are great, 
and the differences from C02-bicarbonate may be less fundamental than they 
appear. The finding that there is a direct parallelism between the behaviour to 
vitamin in Ringer-phosphate of the minced brain and the functional state 
of the living brain shows that the behaviour under our biochemical conditions 
is not too artificial to be of value [Meiklejohn et al., 1932]. 

Eig. 1 shows the behaviour of minced pigeon’s brain, the hourly rate being 
plotted against the time. This shows changes better than the accepted 
method of plotting total respiration and time. It will be seen that none of 
the substrates induces maintenance. This is not a question of concentration of 
substrate; Gavrilescu et al. [1932] showed that for dblactate was 0-024 if, 
making the concentration used here (0*033 if ) practically maximum. The addition 
of galactose has only slight effect, though it was found by Sherif and Holmes 
[ 1930 ] to prolong respiration in the nerve (only after 4 hours). 

This behaviour was interpreted as a gradual inactivation of some essential 
enzyme system, until the observations upon cyanide (Fig. 1, curve for succinate 
+ KGN) showed that a respiratory system could remain in abeyance and then 
return to an original leveP. Further study has shown that the addition of certain 
phosphorus compounds has a marked influence upon maintenance of respiration, 
w^hen lactate is also present. 

^ Senior Demy Magdalen College. 

^ Quastel and Wlieatley’s [1932] curves fall off quite quickly (e.g. pig brain). 

® This interesting recovery from, cyanide deserves more study; the % inhibition noted is close to 
that of Dixon and Elliott [1929]. It probably indicates formation of aldehyde [cf. Wieland, 1932]. 
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Lactaie essential. The influence of lactate upon prolonging respiration of 
brain tissue as well as muscle tissue is well known, as is also the fact that the 
action of glucose is mainly due to the lactate formed from it. Eliioride, for 
instance, stops glucose respiration but not that of lactate [Holmes, 1930; 
Krebs, 1931]. Nevertheless lactic acid is still very general^ regarded as a 
product of aiiaerobiosis, not essential per se in cell metabolism. The discovery 
tlsat the ‘‘'catatorulin’’ action of vitamin was generally maximum only when 
lactate was present supports strongly the hypothesis that this acid is essential 
for normal cell respiration. 



Fig. 1. Effect of various substrates upon respiration of minced cerebrum in Einger- phosphate 

’ succinate, 0-011 M; galactose, 0-037 M; mannitol, 


lug. 2. Effect of concentration of candiolin upon respiration of minced brain in lactate, 7-3. 


It must be realised that no examination of a tissue has ever shown less than 10 mg./ 100 g. 
lactic acid; we may quote Davenport and Davenport [1928]; Fisher by use of iodoacetate in 
pipon’s tissues [1931]; Kinnersley and Peters in pigeon’s brain [1930]; Owles [1930] found the 
mmiinum amount present in circulating blood to be 11 mg./lOO ce. =0-0012 M; this may be con- 
ceutrated at a surface to give 0-01 M in the tissue; comparison with the K curve referred to 
above, gives 0-024 31 as concentration for maximum effect of the dZ-acid. 

If so, we can only reconstouet the normal respiration of the cell by adding to 
lactate other substrates. This kind of experiment has been done by others to 
1 QQO? T ® sparing” effect of one substrate upon another [Quastel and Wheatley, 
1J32J, but not with the avowed purpose of using lactate as a basal “Rinser” 

metabolite. ^ 

It can be shown that addition of some substances to a basal Ringer containing 
lactate gives a much mcreased respiration, as compared with the respiration m 
presence of lactate or of the substrate alone. This was found to be the case with 
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crude Na hexosedipliospliate ^(prepared from caii,dioliii)T The increase is more 
niarked in the 2iid hour than in the 1st, and is maximum when 10—20 1112 ;. /3*0 cc. 
(0*03 M approx.) are added to the solution (see Fig. 2), 

Such an addition effect is of two possible types ; it may either (a) be due to 
independent respiiation with two substrates; in this case the respiration of 
lactate plus the other substrate will not exceed the sum of the independent 
respirations with lactate and substrate separately; or (6) the increased respiration 
may occur only when the lactate and substrate are together; it may be a definite 
interaction. Exp. 1 (Table I) was designed to test this point. 


I 

f 

I 


Table I. Exp. 1. 


O 2 uptake mm.^/g./hr. for successive half-hour periods. 1000 


Hours 

1 

■2 

1 u 

2 


Ringer- phosphate* 

9o0 

800 

650 

550 


Ringer + candiolin 

1145 

1015 

845 

710 

About 200 inm.^ dif- 
ference in each 

Lactate only 

1970 

1750 

1455 

1275 


Lactate -h Mg 

1935 

1750 

1460 

1280 

Ho effect of magnesium 

Lactate - 1 - pyruvate 

2160 

1920 

1640 

1500 


Lactate -I- candiolin 

1995 

1870 

1660 

1505 


Lactate -i- candiolin -f pyruvate 

1940 

1820 

1620 

1480 


Lactate -}- candiolin -h vitamin 

1945 

1840 

1655 

1505 



Cone. MgCla 0*0016 M. Pyruvate 0*0038 M. Candiolin 0*33 %. Vitamin Iy/3*0 ec. 
^ Calculated from a similar experiment. 


The experiment is instructive; it shows increases by addition of pyruvate 
which equal that of candiolin; no increased effect with candiolin plus pjTUvate, 
and as usual in the normal no change with vitamin addition*^. But since candiolin 
increases respiration with the Ringer-phosphate solution alone, there is no 
evidence that the candiolin interacts only in presence of lactate ; the effect is of 
type a. The feeling that there was some factor at work influenced by lactate led 
to- the trial of hexosediphosphate. Exp. 2 (Table II) shows that hexosedi- 
phosphate as purified from commercial candiolin does not even give maintenance 
effect. (The action of fluoride will be discussed later.) 

We believe that the factor especially concerned is pyrophosphate, to which 
we were led by experiment upon the “ catatorulin ” effect (see a further paper). 


Table II. Exp. 2. 

(Calculated hourly.) mm.^/g./hr. 


Fluoride 
(0*008 if) 


Hours 

Ringer-phosphate 

R.P. H- hexosediphosphate 

Lactate 

Lactate -f- hexosediphosphate 
/ R.P. + fluoride 

I R.P. -f hexosediphosphate -i- fluoride 
1 Lactate -f fluoride 

\ Lactate -f hexosediphosphate -f fluoride 


i 

1 

1-1 

2 

960 

820 

640 

545 

1030 

940 

805 

635 

2140 

1960 

1735 

1500 

1980 

1900 

1795 

1525 

650 

530 

300 

265 

670 

575 

390 

280 

1480 

1270 

950 

625 

1340 

1200 

920 

630 


Cone, of hexosediphosphate 0*008 M. 


^ The effect is much larger than that described by Quastel and Wheatley [1932] for the 
combination of succinate and lactate, though comparison is difficult as they worked with tissue 
previously autolysed for 3 hours. 

^ Sometimes vitamin addition shows a slight decrease in the normal. 
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_ Exp. 3 (partly shown in Pig. 3 and Table III) shows the effect especially well . 
It i.s supported by other experiments on the normal, which illustrate it in greater 
or less degree, and by the work upon the avitaminous brain. Here the action of 
pyi'ophosphate is additive only in presence of lactate^. 



Table III. 

mm,.^/g./lir. 1000 nini.® = Qq^ 5. 


Hours 

1 

1 

1| 

2 

24 

3 

R.P. 

1000 

650 

480 

405 

305 

260 

R.P. -i- pyrophosphate 

810 

530 

470 

380 

320 

350 

L. + pyrophosphate + fluoride 

1030^= 

(940) 

530 

490 

390 

310 

L. 

I960' 

1360* 

1130 

950* 

790* 

690* 

L. -i” p.7ropIiosp}iate 

2070 

1475 

1390 

1220 

1210 

1100 

L. -f pju’opliospliate +Mg 

2280 

1860 

1600 

1510* 

1430* 

1280 

L. +pyropliospliate + a-giyceropIiosp!iate 

2655 

2200 

1900 

(1880) 

1710 

1530 

rjaiiie-HMg 2625 

Bad duplicates. 

2100 

L.= 

2060* 1950* 

Lactate. 

1550 

1400 




A ^ minced brain, (Concentrations; 

5 SsJi, p} ropJiospliatej 0-0093 Jif; a-glyceropliospliate, 0*024 Jf.) 

snWiut^ ui^n reapration of amoed braio 7-3. (Coto^atrations. 

boiL“hlfno """ Ringer-phosphate solution with and without 
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The additive action is an interaction of type h. So far this is the only case 
found and distinguishes the action of pyrophosphate from other active stiiiiiilaiits 
of respiration. It supports again the hypothesis that lactate is an essential 
component of the normal respiration system. 

Exp. 4 (Fig. 4) shows the action of pj^xophosphate ; this and Exp. 5 (in Table Y, 
also give the influence of a- and ^-glycerophosphate and of Robison’s hexose- 
moiiophosphate . 

Davies and Quastel [1932] showed that bullock brain reduced methylene blue at about the 
same rates in presence of Na lactate and Na glycerophosphate, more slowly with succinate. 
Ashford and Holmes [1931] obtained twice the rate of respiration with lactate as compared with 
Na glycerophosphate. 

We have found the /3-glycerophosphate to be practically inactive. The effects 
obtained by others mnst have been due entirely to the oc- glycerophosphate com- 
ponent of their preparations. This has a remarkable action, as can be seen bv the 

abstract Table IV. 

Table IV. Ex 2 js. 4 a and 4 h. 
a-Glycerophosphate. (0-024 iff) min.^/g./hr. 



Lactate only 
a-Glyceropliospliate only 
L. + a-giycerophospliate 
Ringer-phosphate only 






{4 b) 


IJ 

2 

3 

r 

H 

2 

2'i 

1155 

1070 

900 

1230 

1140 

890 

900 

720 

705 

920 

850 

610 

1810 

1690 

1665 

1720 

1620 

1305 

— 

— 

— 

475 

400 

330 


Table V. Exp, 5. 


mm.^/g./hr. 

1000 mm.' 


i-0. 



Hours 

1 . 

1 

14 

2 

24 

R.P. 

840 

720 

475 

400 

330 

R.P. -f a-glyceropliospbate 

1285 

1100 

920 

850 

610 

R.P, + hexosemonop.hosphate 

1140 

900 

650 

550 

440 

L. 

1955 

1580 

1230 

1140 

890 

L. + a-glycerophospliate 

2160 

1980 

1720 

1620 

1305 

L. + liexosemonopiiospliate 

2100 

1670 

1300 

1160 

900 


The effect is largely independent of lactate, i.e., it is of t 3 ^pe a, and therefore 
differs from that of pyrophosphate in this respect. Exp. 5 shows that it has 
marked action apart from the lactate. As will be seen in a further paper, there is 
confirmation of this difference between the two substrates with the avitaiiiiiious 
brain, where vitamin interacts specifically^ with pyrophosphate but not with 
a-gly cer opliosphate . 

Hexosemonophosphate promotes an increased oxy^gen uptake in the first 
hour, which soon drops either to the level of Ringer-phosphate or of lactate only, 
according to the constitution of the medium. It appears that there must be a 
rapid inactivation of the hexosephosphatase, but it is certain that this sub- 
strate (Hke hexosediphosphate) added to lactate alone induces no iiiaiiiteiiance. 

The finding that a-gly^cerophosphate is an independent additive substrate 
with lactate introduces at once the idea that we are dealing in brain with a 
system behaving like the new fermentation scheme of Embden et aL [1933], in 
which Meyerhof and McEachern [1933] concur. It is easyr to understand that if 
free pyrophosphate is necessary in these experiments it mayr quickly^ diffuse 
from the cell and so rapidly fall to an ineffective concentration. The sudden 
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drop in metabolic rate would be then due to lowered concentration of essential 
substrates (lactate, pyrophosphate) for the energy metabolism, maintained by 
the cycle of carbohydrate change. 

Exp. 6 (Pig. o) and Exps. 7 and 8 in Table VI were designed to test whether a 
supply of se-reral of the elements of Embden’s fermentatioii’scheme in presence of 



^ 1' combination of various substrate.? upon respiration of minced brain, in lactate 


Table \1, Exp, 7, Combined ejfect of substrates. 


Hours 

L. 

L. -f a-glyeerop}iospliate 
L. + liexosemonopliosphate 
L. + pyropliospliate + a-glyceropliosphate 
h. -1- pyrophospliate + a-glvceropliosphate 
+j:iuori.de 

h. -f pyrop.liospiiate +liexosenionophos- 
pliate 

L. H-pyropliosphate + a-glycerophosphate 
+ liexosemon opliosphate 


X 

1 

IJ 

2 

2| 

3 

1430 

1100^*'* 

970 

785 

630 

555 

2150 

MoO'** 

1130=!' 

1070 

1050 

825 

1510 

1220=!' 

930 

750 

690 

530 

2130 

1900 

1815 

1410=!= 

1290=!' 

1140=!' 

1555 

1225 

1010 

900 

750=!* 

710 

1710 

1430 

1300 

1160 

1040 

980 

2200 

2000 

1805 

1700 

1370 

1400 


Cone. 


a-glycerophospbate 0-024 31; hexosemonophosphate 0-013 31; pyrophosphate 0-0093 31- 
fluoride 0*008 M. ’ 


^ Ms 


Exp, 8, Cerebrum only. 


Hours 


L. 

L. -h pyrophosphate 
L. -I- ^.-glycerophosphate 
-L. -f pyrophosphate +a-dycero- 
phosphate 

L. + pyrophosphate + oc -glycero- 
phosphate -I- liexosemonophos- 
phate 


1 

1 

14 

2 

24 

3 


2500 

1970 

1605 

1350 

lOSO* 

990 

790 

2455 

2170 

1940 

1830’!' 

1480=!' 

1850=!= 

1435 

2700 

2330 

2110 

1880 

1250=!' 

1780=!' 

1510 

2625 

2405 

2170 

1985 

1670=!' 

1800 

1670 

2665 

2400 

2170 

1970 

1900 

1775 

1600 


Cone, as in Ex. 7. 
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I lactate would give sustained respiration in the “brei”; Exp. 6 (Pig. 5) shows 

that addition of pjTophosphate to lactate remarkably improves maintenanee of 
respiration, and that a-glycerophosphate further increases respiratory rate. The 
addition of hexosemonophosphate sometimes has no effect (Exps. 6, 8), or a s]i«ht 
one in the first hour only. Probably there is inactivation of the phosphatase 
present. Though as yet not proved, it is hard to believe that these substances 
are not those originally present in the tissue ivhich cause so high an initial lev(>l 
of respnation. There is still more to be learnt, as Exp. 8 shows; the respiration 
in cerebrum onlj is still not properly maintained ; but for these three experiments 
we have as average at the 2nd hour lactate alone 1142 mm.^/g /hr + pyro- 
phosphate and a-glycerophosphate 1791 ; and at 3rd hour lactate alone 828, with 
additions lo25, the remarkable average differences bein<^ 57 «/ and 84 « ' 
respectively. ” ‘ ■ /o 

Influence of flaioride. The presence of active fermentation following a scheme 
such as that of Embden and his colleagues in the respiring bram tissue can also be 

j inferred from the effect of fluoride. This may be expected to influence any stao'e 

I involving interaction whh hexosephosphates. So, in Exp. 2, it is seen that some of 

j residual respii ation is fluoride-sensitive and therefore due to hexosephosphate ’ 

I this becomes some 5 % of the whole after 2 hours with added hexosephosphatel 

I 111 presence of lactate, about one-third of the respiration is inhibited by fluoride; 

this is much more than even for Ringer-phosphate + hexosediphosphate. Hence, 
the improvement upon adding lactate is in part due to an increase in fluoride- 
j sensitive respiration, the hexosephosphate (or triosephosphate) system. 

I In Exp. 7, fluoiide reduced lactate + pyrophosphate -f- oc-glyceropliosphate 

I to the level practically of lactate alone; all of this “^fextra respiration” is 

fluoride-sensitive. In Exp. 3, lactate + pyrophosphate is reduced to the level 
of Ringer-phosphate alone, again evidence of the interaction of the fluoride- 
sensitive system. The effect of a-glycerophosphate is to some extent independent 
of this : it is not fluoride-sensitive h According to Meyerhof and McEacheni [1933] 
fluoride stops either the breakdown of triosephosphate to a-giveerophosphate 
and phosphoglycerate, or the breakdown of phosphogly cerate. So oxygen rather 
than pyruvic acid appears to be acting as the hydrogen acceptor. 

The above experiments have been done at pjj 7*3. Change of2hi causes 
30 % or more fall in the respiratory rate, see Table VII. 



Table VII. Effect of pjj oti respiration rate {minJ^jg^jlir.), 0-1 hour. 


Exp. 


6*6 

Decrease (go) 

9 

1730 

1390 

-20 

10 

1990 

1491 (4) 

-25 

11 

1990 

1080 

-46 


(4) = average of 4. 


Magnesmm. In all the experiments except Exps. 8 and 3, Mg was added in 
some form, to avoid any possible complications induced bi^ lowered concentra- 
tion in the action of the adenyltriphosphate coferment. In Exp. 3, tests with and 
without Mg do not show any consistent change. Since Lohmann [1931] found 
that the ^Tactic acid ” coferment was not that of respiration, this is not surprising. 

Ill Exp. 1 MgClg "was added and in the others ^ - jC vol. of Ringer-lactate, saturated 
with magnesium phosphate. 

^ This lias been confirmed by experiments on the avitaminous brain. 

'1 

I.!/ 
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Discussioijt. 

This work at present lacks the direct proof that the compounds added are the 
actual components of the tissue system; meanwhile, much may be done to help 
the study of this particular system by adding to Ringer-lactate pyrophosphate 
and a-glycerophosphate; 2-2-| hours of survival are so given. It seems unlil^ely 
that the effects are not general for brani tissue. The relation of p3n*ophospliate to 
active respiration may have a connection with the finding of Drury [1933] that 
pyrophosphate has stimulant effects upon the heart. For other tissues results 
may prove different. In phosphate buffers alone, Dixon and Elliott [1929] found 
that 0-033 M p 3 nophosphate inhibited markedly the respiration of muscle and 
liver tissue; there was a slight activation with 0-01 M. Engelhardt [1932] on 
the otliei' hand inferred the participation of pyrophosphate from experiments 
with avian blood corpuscles showing the anaerobic splitting and aerobic syn- 
thesis of the easily hydrol^^sable phosphorus. Of the two paths of glycolytic 
change, one from glucose and one from glycogen, described by Ashford and 
Holmes [1929], it may be speculated that the precise function of that from 
glucose is to supply the essential component of the system, lactic acid; the other 
wmiild then provide Emhden's triosephosphates. 

The case of pyrophosphate draws attention again to the necessity of beariiio- 
ill mind possible concentration of diffusible constituents in the cell itself; this 
has been instanced recently by Jowett and Qiiastel [1933] for glyoxalase and 
glutathione. Comparison of tissue metabolism in different volumes may be 
dangerous near the critical margin for substances not strongly absorbed by the 
cell. A good quantitative, illustration of this was given by Passmore et al. [i933] 
in the case of the critical level of residual tissue vitamin B^. The optimum 
amount of pyrophosphate m the medium, 0-2 %, is of the same order as that 
possible in the cell, if we allow for some concentration at the active surface from 
Lohmann's figures about 0-1 % . ' 


Expeehiental . 

Normal pigeons have been used throughout; they have been usually fed for 7-14 days upon the 
standard mixed laboratory diet. The technique of Passmore et at. [1933] has been used for the 
setting up of samples and obtaining oxygen uptake. 16 bottles can be fiUed from one mixed 
brain, making 8 duplicate estimations as a maximum. Values recorded are the mean of duplicates 
unless otherwise stated, calculated haK-hourly. 

SalU used. Na dZ-iactate, made up in tubes from recrystallised zinc lactate and sterilised as 
before; 0-033 31. 

Ringer-phosphate as before, hut allowed to stand 2 days at 7-3 before filtering. 

Gandioliii. Ca hexosephosphate.” Decomposed either by adding the required amount of 
Na oxalate, to the neutral suspension and allowing to stand, or by adding just sufficient HCl to 
dissolve and a solution of oxalate, and then immediately neutralising. The results did not differ. 
Tests showed that excess oxalate was not present. 

HexosediphospJiate prepared as Ba salt from candiolin by Robison’s method. Decomposed by 
Na sulphate. 

Hexosemonopho Specimen kindly supplied by Prof. R. Robison. Decomposed bv 

i\a 2 oU 4 and standing some hours. 

Ca ^.ajlyceropliosphate.^ Synthetic specimen supplied by Messrs Boots [King and Pyman, 1914]. 
a ciiim removed by addition of oxalate; tests showed that excess oxalate was not present. Data 
suppHed by Messrs Boots and Co. Loss at 140° 0-3 % . Residue on ignition 60-4 % . CaO 26-6 % . 
PoGji 34*0 %. . ‘ 

3^ap-glycerophosphate. Pure salt, supplied commerciaUy (Messrs Boots). 
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pyroplmsplmte. Prepared by igniting Na,HPO, (Sorensen). This gave no phosphate reaction 

with molybdate unless it had stood. 

Ihe coii(3entrations of salts are those giving approximately maximum effects. 

Temperature 38“±0-l. unless otherwise stated. For experiments at 6-6, the 

Ringer-phosphate prepared at pjj 7-3 was treated with HCl. 

In making additions to the Ringer-lactate solution, the salts have been made up in 0-2-0-3 cc. 
of solution and so added to the bottles, making allowance for this by addition of less Euiger- 
lactate. The changes in concentration of lactate so produced would not influence results, but this 
has been controfled in the latest e.xperiments by adding the necessary amount for lactate in 
2-0 ce.^ Ringer-phosphate and making up to 3-0 co. with the various additions. The small variations 
in tonicity have not been corrected. It was found by one of us -with Dr Gavrilescu that very wide 
variations in strength of a glucose solution had little mfluence upon oxygen uptake. This is'not so 
surprising when it is remembered that in a recognised surgical inetliod", hypertonic solutions are 
injected into the blood to produce shrinkage of the brain. 

Summary. 

1 . The decrease in respiration rate in minced avian brain systems is sub- 
stantiall}?’ reduced in presence of lactate. 

2. It is not reduced by galactose, mannitol, sodium ^-glycerophospliate, 
liexosedi- and liexoseiiiono-pliospliates. The last two substrates may iiifliieiice 
the rate of fall initially. 

3. Na p^Tophosphate added alone has little mfluence upon maiiitenaiice of 
respiration in the surviving tissue. Added with lactate, it much increases the- 
respiration rate, values considerably in excess of those with lactate alone being 
obtained. Lactate and pyrophosphate are essential constituents of the respira" 
tioii system. 

4. a- Glycerophosphate has a remarkable additional influence. Ringer-phos- 
phate to which lactate, pyrophosphate and a-glycerophosphate have been added 
gives much better maintenance than lactate alone. 

5. Experiments with fluoride indicate that survival respiration in lactate- 
phosphate solution involves in part a hexosephosphate stage. 

We are indebted to the Medical Research Council and the Christopher Welch 
Trustees for grants in aid of the work. Also to R. W. Wakelin for skilful 
assistance. We are further grateful to Prof. Robison for a specimen of hexose- 
monopliosphate . 
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CCXXIX. DISTRIBUTION OF SUGAR AND 
NITROGENOUS SUBSTANCES IN 
WHEAT GRAIN!. 

By WAC](.AW KRETOVITCH. 

F}07)i the IjuihoTditoTy ojf tJia Tixsttiutii. Jot 

Cereal Research, Moscow, U.S.S.R. 

{Received Aiigmt 30th, 1933.) 

The pioblem of the distribxitioii of sugar and nitrogenous substances in wheat 
grain is of great practical and theoretical interest. A solution of this problem 
would provide the miller and baker with a number of indications concerning the 
composition of tlio difforoiit products of milled grain, enabling them to carry 
out the technological process upon more rational lines. The existing data oil 
this subject are scanty. 

^ Schulze and Frankfurt [1894] found that the germ of the wheat grain con- 
tains^ up to^ 25 % of sucrose on a dry weight basis. Apparently on the strength 
of this finding many subsequent investigators have considered that all the sugar 
of the wheat grain is concentrated in the germ. Having learned from a number 
of detailed analyses of wheat [Kiesel and Kretovitch, 1933] that in the whole 
ripe wheat grain the principal sugar consists of sucrose and that monosacciia.rides 
aie almost absent, we have attempted to find out whether sucrose occurs in 
the endosperm as well as in the germ, and if so, whether the greater part of it 
is located in the outer or inner layers of the endosperm ; also whether it can be 
found in the cells of the aleurone layer. 

As regards nitrogenous substances we were interested principally in tlie 
question as to w.hat portions are present in the cells of the aleurone layer, as it 
is knowui that flour from the latter fails to yield gluten. 

W© could not find in the literature data of direct analjrses of the aleurone 
layer of wheat grain, although in the wmrk of Teller and Teller [1932] on the 
nitrogenous substances of wheat bran it is indicated that the “epicarp” of the 
wheat grain contains little gliadin. 

Experimei^tal. 

In order to determine the distribution of sugar between the germ and the 
other parts of the grain, a portion of the grain containing the germ was cut ofl: 
from the rest and each part was analysed separately. As these analyses have 
sliowTi (see below) that the portion of the grain without the gerni^ contained 
considerably more sucrose than the germ, it was desirable to obtain still more 
accurate determination of sugar distribution between the inner and outer kiyers 
of the endosperm and of the aleurone layer. 

^ Tlie present investigation has been carried out in co-operation with S. S. Tanagos. 

" Under the term “germ” we understand the portion of the grain called so by the millers, 
viz. the sprout. 
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For this purpose the grain was divided by a scalpel into three parts. First 
the part containing the germ was cut oif, and then the rest was divided into one 
part containing the inner kernel of the endosperm and another consisting of the 
bran coat with the aleurone layer and the outer layers of the endosperm. 

Simultaneou,sly with the analyses of the dilfm-ent parts of the grain an 
analysis of the whole grain was made as a check. 

^ Material used for the investigation consisted of the grain “ Cooperatorka ” 
of the 1931 crop from the Crimea. The analyses Avere carried out aceordino- to 
the method of Kiesel [1930]; in the aqueous solution obtained after extraction 
of the finely ground material by 82 % alcohol and evaporation of the latter 
vacuo and after clearing of the solution by lead acetate the following deter- 
minations were made: (1) reducing sugars, (2) sucrose— hj the difference between 
the sugar determination obtained after 6 minutes’ hydrolysis by 2 % HCl at 70° 
and (1), and (3) resistant polysaccharides — by the difference between the suo-ar 
determination after 24 hours’ hydrolysis by 1 % HCl at 70° and (2). All deter- 
minations were made according to the Bertrand method and calculated on a 
dry weight ba.sis. 

A summary of the results of analysis of the grain divided into two parts 

one containing the germ and the other -without it — and of the control analysis 
of the whole grain is given in Table I. 


Table I. Sugar as % of dry weight of different portions of wheat grain. 


Material investigated ... 


Reducing sugars 
Sucrose 

-Resistant polysaccharides 


Part containing 
germ ; 22*24 % of 
weight of grain 

0*21 

2*18 

0*0 


Part without 
germ; 77-76 % of 
weight of grain 

0-0 

1-45 

0-0 


Whole grain 
(control) 

0-0 
' 1-67 
0-0 


By control computation of the data of the &st two columns on the whole 
gram basis the following was obtained: 


Reducing sugars 0-04 % 

Sucrose l-i:3 + 0-49 = 1*62 % 

Total 1-66 % 


^ Results of the investigation of the grain divided into three 

111 Table II. 


parts are 


given 



Table II. Sugar as 7 ^ of dry weight of different parts of wheat grain. 


B 


Material investigated 


Reducing sugars 
Sucrose 

Resistant polysaccharides 


A 

Part 

containing 
germ; 
19-06 % 
of weigh t 
of grain 

0-0 

2-96 

0-01 


Part without germ; 80-94 of 


weight 

Outer layers of 
endosperm, with 
the bran coat and 
aleurone layer; 

29-73 % of 
weight of “B” 


t grain 


Inner 
layers of 
endosperm ; 
70-27 % of 
weight of “B” 


0-0 0-0 

2-58 0-88 

0-0 0-0 


Control computation of these figures on the who 
iollowmg ratio of the absolute quantities of sugar in 


the various parts 
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grain: 0-56 % (part containing germ) +0*62 % (outer endosperm layer) -h 0-50 
(inner endosperm Wer) = 1-68 %. 

Material used for the investigation of the substances of the aleuroiie layer 
consisted of wheat grain, the germ and endosperm of which had been devoured 
by the storage weevil [Calandra granaria L.) by the ravages of which the inside 
of the grain had been cleaned out so neatly that the part left intact contained 
only the bran coat and the aleurone layer. Even under the microscope it was 
impossible to detect any particles of endosperm. Microscopic investigation 
showed that the cells of the aleurone layer and their contents had been left 
iriitoiiclied by the weevil. 

I or the purpose of chemical investigation of the emptied grain it was sub- 
jected to a thorough grading and separation from foreign matter, ground as 
finely as possible and analysed for sugar content and various nitrogenous 
substances. 

Repeated analyses have shown an absence of sugar from the empty grain 
and consequently from the aleurone IsLyei, 

Analyses of the nitrogenous substances contained in the empty grain, and 
consequently in the aleurone layer, have ■ been carried out in tiie following 
III aimer. 

A 10 g. air-dry aliquot of the material was extracted consecutively by water 
at 70-75° 4 times, 30 minutes each; by a 5 % solution of ^ times, 3 hours 
each; by 70 % ethyl alcohol 4 times, 3 hours each; and lastly by 0*2 % solution 
of NaOH 4 times, 3 hours each. 

Total nitrogen was determined by the Kjeldahl method in the original 
material, in the extracts obtained and in the residue. 

Furthermore the ac|iieous extract was precipitated by normal lead acetate, 
and in the carefully washed precipitate a separate determination was made of 
the nitrogen of the water-soluble proteins; in the filtrate amide-N was deter- 
mined by the Sachsse method and NH.-nitrogen by the Longj" method. Results 
of the analyses are summarised in Table III. 

Table III. 

Fraction of nitrogen 

Total 

Non-protein ... ... 

NH3 

Amide 

N of water-soluble proteins ... - ... 

N dissolving in 5 % solution of KoSO^ 

N dissolving in 70 % alcohol 
N dissolving in 0-2 % solution of NaOH 
N insoluble in 0*2 % NaOH 

Summary. 

The data obtained permit the following c( 

Sucrose is contained not only in the germ of the wheat grain but also in the 
endosperm, the total amount being greater in the latter than in the former. 

Considering that the weight of 100 whole grams is 3*200 g. and the weight 
of 100 empty ones 0*371 g., he. that the latter amounts to 11*6 % of the weight 
of the former, and taking into consideration the data of Table II, it is easy to 
estimate that the concentration of sugar in the outer layers of the endosperm 
is about 4*8 times greater than in the inner layers. This fact shows that the 
sugar is distributed in the grain in the same manner as is gluten [Cobb, 1925]. 


of dry 

% of total 

weight 

nitrogen 

3o4 

— 

0-88 

24*85 

0-33 

9*33 

0-22 

6*20 

0-47 

13*28 

0-18 

5*09 

0-21 

5*85 

0*96 

27*10 

0-80 

22*60 


onclusions. 
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Analyses of tlie gi-ain emptied by the weevil show that there is apparentiv 
no sugar m the aleuroue layer. ppcutiiciy 

1 4 .*^* nitro^nous substances the results obtamed bv us confirm the 

data of TeUer and Teller [1932], who found that wheat br^n contains httle 
giadm. Our results indicate that there is practically no gliadin in the cells of 

the aleurone layer Thus it becomes clear why flour from the cells of the aleurone 

la,yer does .not yield gluten. ^louione 

Ab regards glutenin and albumin, they compose the principal part of the 
protein substances of the aleurone layer, and the aleurone grain! of ^4!at 
apparently contain a very insignificant amount of globulin. It is possibk thS 
dunng the process of extraction a part of the globuhns may havi passed into 
Tie water-soluble protein fraction, as the empty grains eontam 6-57 % ash of 
yy weight substance, but the error caused by this factor could nit be itw 

great as m a volume of 100 cc. of the extracted liquid the concentration of?. H 

was approximately 0-6-0-7 % . ^ ^^oiiceiitiatioii oi salt 

conception of aleurone grains as deposits of globulins does 
not apply to the aleurone grains of wheat ^ 

.nigS bXtd £ “ 

^ substances of the aleurone layer and thaftherefor© the^cture 

6, \ en by our analyses is not quite true. We do not however regard this as n 

™;?:dtatTs7e^fee% 

n.te5s™1S •» A. E, Kiesel for his 


e,eferences. 

flomf mf The chemistry of wheat 
Iviesel (1930). Publicat ions of the Laboratory for Protein Research 1 
s77. j'^fovitch. PubHcatio^rs of the Institute for Cereal Research (in press! 
hh iul/.o And hrankfurt (1894). Ber. deulsch. chem. Ges. 27, 21 . ^ 

lell(?r and Teller (1932). Cereal Chemistry, 9, 560. 




[X. SOME CELL-WALL CONSTITUENTS OF 
iTI^ARIA ISLAMBICA (^TCELAND MOSS^l» 


By HAROLD WILLIAM BUSTON 
AND VICTOR HORACE CHAMBERS. 


From the Biochem/iml Department, Imperial College of Science 
and Technology, South Kensington. 


(Received August 31st, 1933.) 


Chemical investigation of tlie lichen commonly known as '‘Iceland Moss” 
{Cetraria islandica) has extended over a considerable period of time, the earliest 
scientific examination of the material being recorded by Berzelius [1813]. In 
the iiiaiii, most attention has been devoted to two groups of substances : (i) the 
so-called lichen acids and (ii) the water-soluble carbohydrate constituents 
(liclienin, 2 ‘ 5 oliclieiiin etc.), which form the major part of the solids in the lichen. 
Concerning these latter a veiy large literature exists. The existence of a number 
of definite polysaccharides has been established and suggestions put forward 
for the constitution of certain of them. Ali appear to be derived from glucose, 
altlioiigli Karrer and Joos [1924] reported the isolation of galactose' and mannose 
from one of the fractions. The chemistry of these soluble carbohydrates has 
been studied so fulty that in the present work no attempt has been made to 
investigate the subject further. 

The lichen acids and the soluble polysaccharides comprise in all some 80 % 
of the total dry matter of the tissue, ilfter their removal, there remains a 
residue, mainly carbohydrate in nature, consisting of cellulose, various hemi- 
celluloses etc. It was this residue which formed the material for the present 
investigation. Hitherto it seems to have received little attention. Ulandi^r and 
Tollens [1906] reported the presence of glucose, mannose and galactose IlHTcin, 
an observation confirmed by Hesse [1916]. Salkowski [1921], after hydrolysis 
of the water-extracted plant by dilute sulphuric acid obtained a resistant xylaii- 
free ashless material, which he showed was not lignin. Poulsson [1906] reported 
the presence of 3 % of pentosan in the water-insoluble residue, basing Ms con- 
clusion on a determination of furfuraldehyde. From the purely chemical stand- 
point, therefore, the present work was designed to furnish further information 
as to the chemical constituents of an already much- studied plant material. At 
the same time it was hoped that the results would make it possible to draw a 
comparison between the cell-wall components of this lichen and those of the 
higher plants, which have received so much attention in the past few years. 
The lichens differ so widely from the higher plants in their growth and habit, 
that it seemed of interest to discover how far the classes resembled one another 
in the chemical make-up of their ceU-walls. It w^as found that, wdiile there is a 
resemblance, in that cellulose and the hemicelluloses constitute a considerable 
proportion of the cell-wall of this particular lichen, the hemicelluloses are^ of a 
somewhat unusual type, apparently simpler in structure than those of the higher 
plants, in being free from pentose residues; while the pectins, of almost universal 
distribution in the cell- wall of the higher plants, are absent from this lichen. 
The possible significance of these differences is commented upon later. 
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Experimental. 

1. PreUminary examiTiation of the lichen. 

In tlie first place a preliminary survey was made in order to estimate tlie 
relative amounts of fractions corresponding roughly to the different orouns of 
carboh3'drates present in the lichen. For each experiment, 100 g. of Sie oven 
di-ied hehen, picked by hand free from extraneous material such as pine needles 
were extracted with the followmg solvents, in the order given : ’ 

(а) Cold water; 12 extractions, each of 24 hours. 

(б) Hot 95 % alcohol; 12 extractions, each of 6 hours. 

(c) Hot water (90°-95°) ; 20 extractions, each of 6 hours 

id) 4 % sodium hydroxide; 3 extractions at room temperature, each of 
4 da 3 ^s, followed by 1 extraction at 80° for 6 hours. ■ 

r treatment, the residue was washed with dilute acetic acid 

til free from alkali then with hot water and dried. The substances extracted 
vere obtained in solid form, in the first three cases by direct evaporation on 

fraction (d) (corresponding to the hemi 
cellulo.ses) by precipitation with acetic acid and alcohol. 

oi-eit MffiTu and to a less extent with the alkali 

experienced in handling the material, on account of its 
" 1 ? V " nature, wdiich made some mechanical loss unayoidable 

fhr farfuraldehyde and carbon dioxide ^fields were made on all 

the fractions, a.s well as on the original lichen. The carbon dio.xide yields from all 
f ac ions were treated as if they arose entirely from uronic anhydride exiS 
^ the case y the alcohol extract, which contained the lichen aekis— substancls 

the liclift preliminary examination of 

me iiciien tissue are summarised in Table I. 


Fraction oTlifhen ^ 9 ^ anhydride 

Original lichen __ .o ° 

CViid water extract 5.7I — 

Alcyiol extract g-ol Trice 

Hot M-ater extract 64-20 1.90 no- ~~ 

NaOH extract S-lo , 1o ?A2 3-40 

« !S tl; S:g 

Kr*? to *,dv m 

mainlrT^iwau^'^'^^Kf water-soluble fractions (lichenin and isolichenin 


Table I. 

Fiirfuraldehyde 
s yield 


Uronic 

anhydride 
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about 16 % of furfur aldelijrde on distillation with HCl, it seems possible that 
the pentosan of Ulaiider and Tollens may have represented uronic anhydride 
units. Tlie figures in Table I show that, in the cold water extract, the whole of 
the fiirfuraldehyde could be accoinited for as derived from uronic anhydride ; in 
the hot water extract about 0’5 % of furfuraldeh^rde cannot be so accounted for.) 

2 . Attempted isolation of a pectin fraction. 

The preliminary analysis had showm that the amount of fiirfuraldehyde - 
yielding bodies in the lichen was small, none of the fractions giving so much 
as 2 % furfur aldeiijrde. Tims pectic substances were not expected to be present 
to any great extent ; in view of their possible presence, how^'ever, several attempts 
were made to isolate a pectin fraction. Extractions ivere carried out on the 
water-extracted residue wdth hot 0-5 % ammonium oxalate and the extracts 
precipitated with alcohol. After redissolving in w^ater and reprecipi fating with 
alcohol the rather gelatinous material was again dissolved in water, and, in 
aliquot parts of the solution, pectin was estimated by the caiciiiin pectate 
method. Only a very small amount of an acetic acid-insoluble calcium com- 
pound was obtained, and this bore no resemblance to calcium pectate as usually 
prepared. Further, ^ the calcium content of the substance was found to be 16 % 
and its carbon dioxide yield 11-3 %, whereas calcium pectate contains 7-4 % Ca 
and gives 17-6 % CO2. Two estimations gave a yield respectively of the calcium 
compound, 0-14 % and 0-42 % of the dry tissue after water extraction. Other 
experiments on similar lines failed to show” the least trace of pectic substance, 
either in the tissue residue or in the water extracts, and the conclusion was 
therefore drawn that the lichen contained no pectic substances. The calcium 
compound obtained was probably the salt of one of the lichen acids. 

3. Extraction of hemicelluloses. 

The hemicellulose fraction was obtained by extraction of the cell-residue 
(after complete removal of the water- and alcohol- soluble material) with 4 % 
sodium 1137'droxide. The residue was treated, in portions of 200-300 g., with 
4 litres of 4 % alkali, twice. The clear extracts, filtered through calico, were 
then made slightly" acid with acetic acid and aliow^ed to stand for some hours. 
Only in one case was a slight turbidity produced, but not enough solid separated 
to be removable b}^ filtration or by centrifuging. A hemicellulose of the 'fA type 
thus appeared to be absent. 

To the faintly acid solution a half- volume of acetone was added, a copious 
precipitate being produced ; after removal of this, the addition of excess acetone 
to the filtrate gave no further precipitate, so that the onl}^ hemicelluloses found 
in the sodium hj^droxide extract w”ere those of the fyp® [Yorris and 

Preece, 1930]. This fraction was further separated by means of the copper method 
of Yorris and Preece [1930] into fractions El and B2. Both w^ere obtained in 
the form of almost wdiite powders, of low ash content, quite stable in air and 
not darkening when heated to 100° for 4 hours. The relative yields obtained in 
different extractions varied somewdiat, as sliowm in Table II. 

Yield of hemicellulose 

■ A 

B1 B2 

g. g. 

12-0 5-1 

16-5 8-8 

3P0 o-O 


Table II. 


Extraction 

No. 


Weight of lichen 
residue taken 



1 a 
lb 

2 


184 

203 

300 
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r, . 




4. Isolahon of a further hemicellulose, 

f “ the small-scale extractions, that a considerable amount of 

fuifuraldehyde- and carbon dioxide-yielding material appeared to resist extr-ie 
I. i % (Table I). ExaminatioS „f the eonSpoadtag "SetX 
the large-scale preparation of hemieelluloses El and B2 confirmed this obsS 
x ation, further the material on acid hydrotysis was found to give as much as 
1- /o inamios^e (e^imated as the phenylhydrazone) and 5 % galactose (estimated 
as inucic acH) Evidently therefore polysaccharides other than cellulose were 
still present in this residue. Such resistant ‘ ‘ cellulosans ” are of course frequentlv 

conoOTied.”' ^ commonly 

An attempt was made to isolate this more firmly combined hemicellulose 

nmceerrf hydroxide, the extraction being allowed to 

p -tcod loi several days at room temperature. From the alkahne extract no 

rhiilfvtSlTf acidification, but on subsequent addition of alcohol 

ht ) 1 precipitate appeared. This was redissolved in 2 % sodium 

o)t? ^ °°PPer compound bv addition of an equS 

of ret f precipitation occurred on addXn 

of acetone. The copper compound was decomposed with dilute acid and the 

of thJorV„il'fi„h»;“ .Itah-extaoted reMd™ toi„ (i... .pp,„xto.t,Iy of 


5. Examination of the individual hemieelluloses. 

HemicelMose Bl. The substance was soluble with difficulty in water but 

bOllltioilS were too stroncylv j _-l . ‘ ' 


• 1 , was soiuDle witii ciifficiiitv in Imf 

~ 

“xr*;® sriSdShS 

that\'vrW hydrotysis of the substance by dilute acid showed 

acid (Table practically complete within 3 hours, using 3-5 % sulphuric 

Table III. 


Time of hydrolysis 
minutes 


% reducing sugar liberated, calc, as 
glucose (Bertrand) 


30 

45 

60 

90 

120 

160 

190 

220 

250 


1-4 % sulphui-ic acid 3-3 % sulphuric acid 


Z4-2 

45-4 

40-6 

50-2 

59-5 

50*2 

62-7 

49*9 

67*6 

•70. C 

— 

/ y o 
84-7 

— 

90*0 

— 

86-2 




1695 



CARBOHYDliATES OF CETBARIA ISLANBICA 


Accordingly, 2 g. of tlae lieiiiicelliilose were li^^drolysed in this manner. During 
the hydrolysis, a small amount of an insoluble flocculum separated, and this 
: was found to be iinliydrolysed by 5 % sulphuric acid in 5 hours. (Some cYidence 

was obtained that the amount of this product formed was dependent upon the 
conditions of drying the liemicelhilose. Samples dried directly in the steam-oven, 
whereby the hemicelliilose was obtained as a horny mass, gave as much as 17 % 

; of the insoluble material, while those dried gradually through alcohol and ether 

: : gave only 6 % or less._ Anderson [1931, 1, 2], working with hemicelluloses from 

cottonseed hulls, obtained 19 % of a ‘‘body X,” apparently an impiirit}?' similar 
to this insoluble product; he considered it to be an essential part of the^ liemi- 
cellulose.) x4fter hydrolysis, the greater part of the acid was removed by means 
of barium hydroxide; the filtrate was then warmed with excess of barium 
carbonate, filtered and the filtrate evaporated to a syrup in vacuo. The syrup 
was extracted several times with 85 % alcohol, and inYlie alcoholic solution 
; the following sugars ivere identified. 

Mmmose: as phenylhydrazone. After removal of the phenylhydrazone, no 
glucosazone w^as formed on heating with excess of phenylh^^raziiie ; glucose 
I was therefore absent. 

Galactose: as osazoiie, after removal of mannose; as mucic acid, by oxidation 
with dilute nitric acid. 

Tests for other iiexoses and pentoses were entirelj" negative. 

The iiroiiic acid present in the hydrolysate was isolated in the form of its 
barium salt by a method similar to that of Dickson et al. [1930]. From 10 g. 
hemicelliilose Bl, hydrolysed for 4 hours with a mixture of 12 g. sulphuric acid 
and 500 cc. water, 1*5 g. of a barium salt were obtained. This was found to 
contain 24-7 % Ea (barium uroiiate contains 26-1 % Ba). From this, a cin- 
chonine salt of the iironic acid w^as prepared by the method of Nanji [1933], 
and had m.p. 172°, agreeing wfith that of a cinchonine salt prepared similarly 
from an authentic sample of galactnronic acid. On hydrolysis by the hydro - 
bromic acid-bromine method of Heidelberger and Goebel [1927], crystals of 
mucic acid, m.p. 216°, were obtained, thus giving sufficient evidence of the 
presence of galactnronic acid, since galactose itself is not oxidised to mucic acid 
by the reagent used. 

From these results it was concluded that the hemicellulose B 1 of G dr aria 
islandica was a galactose-maiinose-galacturonic acid complex. An estimation 
; of the approximate amount of each of these units present in the hydrotysis 

; • mixture was made, mannose being estimated as its phenylhydrazone, and 

I (mannose plus galactose) by copper reduction, after removal of iironic acid as 

'I the barium salt; the details of the methods used were those given in Brownehs 

Handbook of Sugar Analysis. The average values obtained were: anhydro- 
\ mannose, 39*6 %; aiihydrogalactose, 44*3 % (uronic anhydride, 9*74 %). 

I Partial hydrolysis of hemicellulose Bl. It w^as noted during the study of the 

rate of hydrolysis of the hemicellulose by acids (Table III) that wdth 1*4 % 

: sulphuric acid hydrol3^sis to the extent of about 50 % took place within 

' 90 minutes, but that further treatment led to no increase in reducing suga.rs, 

[ but rather to a slight fall, due probably to the destruction of uronic acid [cf. 

I Preece, 1931]. In order to study this apparent partial hydroDsis more 

I two portions, each of 3 g. of the hemicellulose, w^ere hydrolysed wi,th 2 cc. 

I sulphuric acid and 250 cc. w^ater for 90 minutes. The hj^-drotysate was in each 

case neutralised with barium hydroxide followed by barium carbonate, the 
precipitated barium sulphate with excess carbonate well washed with hot water, 
and the clear filtrates concentrated to 50 cc. m vacuo at low temperature. On 
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pouring the syrup into two volumes of alcohol, a brownish gum was thrown 
down, which remained without granulating when left in alcohol at 0° overnio-ht 
Two repreeipitations from aqueous solution by alcohol, however, sufficed to 
granulate the material, which was then dried by means of absolute alcohol and 
finally in vacuo. The amount of the product obtained was (a) 1-05 <y ■ (b) l-f)! a 
From the alcoholic liquors of the second batch, 1-47 g. of sugars remained on 
eTaporatioil. 

^ [a) Sugars, In the alcohol-soluble fraction (sugars) only galactose could be 

identified. No trace of mannose phenjdhj^drazone was given under the usual 
conditions. It therefore appeared that galactose was the only sugar liberated 
by gentle hydrolysis. ‘ 

[b) Imoluble gum. This fraction, when dry, was found to contain 5-8 °/ Ba 

a figure far too low for a barium uronate and indicating that a fairly eoninlex 
molecule .still remained. After hydrolysis of the gum with 5 % sulphuric acid 
for 3 hours, mannose and galactose were identified in the hydrolysis mixture 
and a quantitative determination showed that they were present rouo-hlv in 
le latio 3:1. A carbon dioxide estimation on the original gum gav^ 8-"6 
uromc anhydride (ash-free). The question of the structure of this gum and of 
the parent hemicellulose, is discussed below. ^ ’ 

Henmelhilose B2. This fraction resembled B1 in appearance and similarly 
gave a dark-coloured solution hi water. It again had no reducuig action but 
readfiy gave reducing sugars on gentle hydrolysis. Furfuraldehyde and carbon 
ciopde determinations gave the following results: furfuraldehyde 1-79 °/ ■ 
,1*^1 ''■'S’ %> equivalent to uronic anhydride, 7-88%’ 

'i furfuraklehyde yield was almost completely accounted for 

hemicelluloTe^riso'^^^^ pi'esent, so that pentose groups were absent from this 

The results of a study of the rate of hydrolysis by acids is shown in Table IV. 


Table IV. 


% reducing sugar liberated, calc, as 

glucose (Bert, rand) 


Time of hydrolysis 
minutes 

30 

60 

90 

120 

150 

180 

200 

240 

300 


1*4 % sulphuric acid 

15-2 
24-1 
37*1 
54-1 
54 '5 

74-2 

86d 

88*2 


3-0 % sulphuric acid 

32-1 

57-1 

74*3 

87*7 

90-1 

89-2 


f '''^s no evidence of any definite inter- 
Seiid lo of hydrolysis by the weaker acid; on the whole, the substance 

^ Btd leys lesistant to acid hydrolysis than liemicellulose B 1 

case manor 

matmS galaeto.se bemg the only sugars found. The small amount of 
chooh r impossible the isolation of the uronic acid as a cui- 

with il,S compound was obtained, wdiich on oxidation 

tnionh rn concluded that galac- 

tiiioiiic acid was again present. ^ 
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Estimations of the sugars present were carried out as described above, and 
the results are shown in Table V . There seemed to be a rather wider variation 
than usual between the amounts of the sugars found in two samples. 


Table V. 


Sample 

Anil ydromannose 

0, 

/o 

Anhydrogalactose 

o'T' 

/O 

Uronie anhydride 

0/ 

/o 

1 

2M, 23-9 

64-6 

7-88 

2 

17*6, 17-6 

60-1, 62*8 

8-24 


Hemicellulose extracted by 17 % aRcali. This material, after purification by 
means of its copper compound, was obtained as a light-coloured powder, siBuilar 
to the other hemicelluloses. It yielded 1-60 % of furfuraldehydo, and carbon 
dioxide corresponding to 10-7 % uronie anhydride; no pentose was therefore 
present. The sugars were again identified as mannose and galactose only, and 
the uronie acid as galacturonic acid by methods similar to those employed in 
the case of hemicellulose Bl. Similar rough estimations of the proportions 
of the sugar units present gave: anhjrdromaimose, 22-9 % anhydrogalactose, 
62-9 %, figures very close to those obtained in the case of hemicellulose B2. 

The course of acid hydrolysis of this substance was examined as before, the 
results being shown in Table VI. 

Table VI. 


% reducing sugar liberated, calc, as 
glucose (Bertrand) 


Time of hydrolysis 
minutes 

30 

60 

90 

105 

120 

150 

180 

240 

300 


T4 % sulphuric acid 

11*3 

26-0 

27-3 

31*0 

33- 0 

34- 1 


3-5 % sulphuric acid 
26-0 
32-0 
34-0 

41- 0 

42- 1 
46-2 
54-8 
58-9 
61-3 


The substance was evidently much more resistant to acid hydrolysis than 
either of the hemicelluloses previousl}^ studied; it was apparently hydrolysed 
onty to the extent of about one- third the weaker acid, and again it was 
found that the only sugar set free during this partial Imlrolysis w^as galactose. 
On further treatment of the portion unhydrolysed by T4 % acid within 4 hours, 
mannose and galactose were found in the hydrolysis-liquor in the proportion 
1:2. In all cases examined, the uronie anhydride content of the products of 
partial hydrolysis was low (3-5 %), suggesting that very extensive decarboxyla- 
tion had taken place under the influence of the acid, although the liexose units 
remained to some extent in combination. 

Action of enzymes on the hemicelluloses. In view of the large amount of work 
recorded on the action of diastases on the water-soluble carbolwdrates of 
Cetraria, a few experiments were made to test the action of these enzymes on 
the different hemicelluloses. Malt diastase was without action on any of the 
substances, but takadiastase produced about 30 % h3^drolysis (measured b,y 
copper reduction) in 8 days in the case of hemicellulose B 1 ; it ^vas -without 
action on the heinicellulose extracted by 17 % alkali. Attempts to isolate the 
products of the action of the enzyme failed. 
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6. The cellulose residue. 

wlT prolonged extraction yith 17 o/„ sodium hydroxide (lastino- in all 
about 3 Tv eeks), the residue_was well washed with dilute acetic acid until 
lom alkali, then with hot 50 % alcohol to remove sodium acetate and finall 
dried by means of alcohol, giving a dark brown fibrous material 

Ihis substance swelled and dissolved slowly in Schweitzer’s reao-f>n+ . i 
with the exception of a very smaU dark residue, was soluble in^inc^chloH?’ 
hydrochlorm acid. On hydrolysis by the method of Monier- Williams ri9° i?t 
t,aTe lediieiiig sugars to the extent of 80 “/ tas cpbicn«r>y fi-,-, n i i 
mi.vture, a small amount (about 2 %) of mannot nbenVn H 
taiued and large amounts 'of gluc^sa^Lt bu^v^dZe 
galcictose could be found. It appeared that at lencif Qo 0 / -p of 

wiiLTh°z,jS,“tr 

in»IubIo in ohlcofo™. I, .oon^oS fb.*« 

residue, z.e. about 0-8 of th^ u • .a i- i oi tlie cellulose 

non-cellulosic material'.'’ It seemed rLtblftb^Thi'^'T^Z'^ 

nature. Its dark colour precluded exiinination*bt substance was of lignin 

and determinations of cLbon and hydrogen gav^ fi-urJ StoinTdia^ 

i;» o', oftloionTh^C by MonienWillia™ h .fe.' 

demethoxylation by alkali) wal fouS L T by water only (to avoid 

present in lignins, thus the evidence wa ■■ methoxyl groups — always 

lignin. Pinallv. sections of the lichen failed bf ^’®®i®tant material was not 
the ordinary stainiiw tests There ! ^ i presence of lignin bv 

contained no li^nd t t imture of 2 

mined . resistant material remained undeter- 

Discussion. 

1. Structure of the hem.icelluloses . 

fort of lemiooIMoo. Bf w„ 

ratio of tW th« : “‘"7"' 

nucleus Stable to hydrolysis bvf 4 o. S V Z however below). The 
and anhjfdrogalactose in the ratios 2 

This product was appareiitlv ouh nf ihJ ^ /o gaiacturoiiie anhydride, 

often been isolated from heinirplln] acid substances which have 

.not. »mpfe S. the aUotoS^^ ““ “29], althongh 

th. pobTOonidea. Dnrint mM rf" nuoleu. of certain of 

of th. ■’gdactoa. ,a ""LvS So Siht “ ‘“"“"“‘o*. ^o™ ‘wo-th We 

’Srsr S’ it t 

..llnlo*. eonSated of SefS? S'S ““ b.mi- 

3 anhydrogalactos. and 1 SctSSlT' ® •»br<lro.n»nno.e. 

resistant portion composed of 6 or 7 units Kn2Z'“*i’ 

t«»ni. anhydride. More preci.. .drt.m.nte aa jSSoSSfo) ltd): 
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vidual units are not wanted, on account of the relatively approximate nature 

of tile experimental methods involved. 

A similar considei-ation of the figures obtained in the case of hemieellulose B 2 
suggested a molecule based on 9 units of anhydrogalactose, 3 of anhydromannose 
and 1 of galacturonie anhydride. In this case, however, there was no evidence 

of the presence of a stable nucleus in the molecule. 

The “combined ” hemieellulose again was found to be based on the same three 
units, in approximately the same proportion as in B2. Here, however, not only 
was the whole molecule rather more stable towards acids, hut there was evidence 
of a more resistant nucleus, as in B 1. Since, as shomi in Table VI, the apparent 
end-point of hydrolysis depends on the strength of acid used, there is perhaps 
little justification for attempting to assign to the resistant nucleus a formula 
based on data given by a study of the action of acid of an arbitrarily chosen 
concentration. All that can be said is, that the hemieellulose contains a more 
resistant portion containing mannose, galactose and galacturonie anhydride 
and a less resistant portion consisting of galactose and galacturonie anhydride 
only. j ■ 

Three hemicelluloses have therefore been shown to be present in the cell- 
walls of Cetrana islandica, all based upon mannose, galactose and galacturonie 
acid in varying proportions. The dissimilarity between fractions B1 and B2 
attords some evidence for the efficiency of the method of fractionation. It may 
be noted that, although these products were isolated by the methods used by 
yrris and Preece [1930], they differed widely in their chemical nature from 
the products obtained by these authors, which again suiiports the view, often 
expressed, tyt physical nature, rather than ultimate chemical constitution, 
determines the behaviour of a hemieellulose. 

The most notable difference between these polyuronides and those generally 
ohtamed from the cell- walls of higher plants was the complete absence from 
the former of any pentose units. With the exception of certain hemicelluloses 
of seeds, w'hieli may contain hexose or hexose plvs uronic acid units only, it 
seems that practically all the hemicelluloses so far isolated from widely difl'erent 
plants contain pentose groups in their molecule. The hemicelluloses of seeds 
are perhaps of definite "reserve carbohydrate” rather than ‘'stnieturar’ nature; 
It may be that these lichen hemicelluloses combine the functions both of struc- 
tural and reserve carbohydrate. It is at the moment inipos.sible to amplify this 
suggestion it would, however, be strange if the lichen, with its enormous reserves 
of gluco.se in the form of liclienin, should need to call upon the mannose and 
galactose of its hemicelluloses. 

The only uronic acid detected was galacturonie acid, and, although mannose 
was present in ciuantities comparable with those of galactose, the correspondiim 
uronic acid was not found. This fact, together with the observation that no 
mannose was liberated on mild hydrolj^sis, led to the suggestion that the mannose 
lesic ues, after entering into combination, are in some way protected from 
oxidation (in the plant) and from hydrolysis (in the liberated hemicelluloses). 
It may be noted that, although the greater part of the total carbohydrate of 
tetraria islandica consists of glucosans (lichenin etc.), no glyciironic' acid has 
been detected, unless it be that the small amount of carbon dioxide liberated 
from the lichenm fraction was derived from this acid. One may suggest either 
that the glucose molecule when present in glucosans is rather less readily 
oxidised than that of galactose — the apparent non-existence of a highly oxidised 
g ucosan corresponding to pectin is interesting in this connection— oi- else that 
glycuronic aiiliydride complexes pass into pentosans more readily than those of 
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placturonie ardiydride. This second suggestion certainly does not seem to annlv 
in the present case, suice pentosans are virtually absent from Cetraria islmidica 

2. The cell-ivaM of Cetraria islandica. 

The work here described, and that pre^dously published, has established the 
presence of four mam well-defined gi-oups of carbohydrate in the cell-wall of 
Cefmna islandtca, viz, lichenm, ^^oliclieniii, liemicelliiloses and cellulose- nnrl 
the absence of pectins, pentosans and lignin. Of the carbohydrates present ' 
hehenm, *sohchenin and ceUulose represent condensation products containimv 
glucose only as the parent sugar. The hemicelluloses (using the term in fht 
genera sense, to indicate substances resistant to water-extraction, but extracted 
from the tissue by ddute alkali), on the other hand, are based on mannose aiS 
galactose with partial oxidation of the latter to its uronic acid: glucose h 
absent Considerable differences exist, therefore, between the cell-wall con 
stituents of this lichen and those of a typical higher plant. These differences 
must be accounted for by a different metabolism governing the formation of 
he cell-wall The lichens present difficulties, whicirdo not friTe M Tire 1 
the higher plants, on account of their symbiotic nature; two distinct tvpes of 
cell-wall, between which considerable differences of nature might be expecid 
to e-xist, are therefore present. According to Escombe [18961, Wisselinvh ri 
«d Westo [1909]. th, cdl-™IL, of a.'hypM fe.k ofU.“ “ 
cellulose but are frequently composed of chitin; no chitin has, however been 
found in Cetraria islandica, although it is met with in other members of the 
pnus. The hyphal membranes of this lichen are, in fact, somewhat unusual in 
mainly p Escombe showed, of lichenin and wolichenin. The 
a gal cell-wpls wpe, on the other hand, considered by Escombe to be composed 

helvellnlf i* is as yet impossible to demonstrate tha^t the 

hemicdluloses also occur m these gonidial walls, analogy ivitli the hio-her plants 

sipgeps that such is the case. A small amount of the glucose syntliesised by 
the algal cells becomes converted, by means at present unknown but pre- 
sumably the same as those effective in the higher green plants, into ^^alaetose 
and mannose, thus giving the nucleus of the hemicellulosel 

In cpimon with all northern lichens, Cetraria ialandicah&s. a very slow growth, 
le meteboho demands p the h3'phae on the carboh^^drate synthesised bv the 
algM cells are thus small, with the result that the major part of the MucL 
undergoes condensation to lichenin and isolichenin, which are deposited'on the 
.n«ch.U..cke„ed hyphal ,v.ll,. In vie.v .Iso of this gonot.TwT.Tfof mat! 
bohsm omdation of the carbohydrates deposited in the algal cell- walls only 

The explanation of the absence from the plant of pentosans and pectic 
substances probably hes in this low oxidation. In the pectins, oxidation of the 
mpr units has proceeded to a very considerable extent, some 80 % of the 
gaactose hamng been oxidised to uronic anhydride; such compounds coMd 
formed m tissues where the oxidation processes are extensive Norman 
L19-J] remarks that ‘ the formation of pectin in the plant appears to take place 
when metebohsm IS at its highest peak, that is, when growth is most rapid ” 

I urther it seems that reactions leading to pectin formation take place onh in 

Lctiatia IS m exposed places m sub-arctic regions; having no root svstem it 
is dependent for its water supply on absorption over its whole surfa Je durino- 
1 am and storage within its tissues of the water so absorbed. Thus it is pre“ 
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dominantly of xeropliytic habit, and another of the conditions for pectin forma- 
tion is lacking. 

The pctiitosaiis are generally considered to arise from condensed nroiiie acids 
by some process of decarboxylation, either by mild oxidation [ISrorman and 
Morris, 1930] or othetr means. Whatever the means, the process does not take 
place ill this lichen, since pentosans are virtually absent. 

3. The relation between pectins and hemicelhdoses. 

The view has frequently been expressed that some at least of the hemi- 
celliiloses^ iiia^^'^ arise in the higher plants by partial decarboxylation of the 
pectins. This suggestion has been based on the observation that in non-lignified 
tissues pectins predominate over hemiceliuloses, while in older, lignified tissues, 
the leveise is the case, rather than on any direct observations of Su cliaiige in 
the amounts of the two classes in the same tissue at different stages of growth. 
Other support for the view has been found in the production from pectin, in 
vi'tw^ of substances resembling hemiceliuloses in having a lowiiroiiic aiilivdride 
content [Caiidliii and Schryver, 1928; Norman and Morris, 1930]. So far as 
CetHMui 'islandica is concerned, however, the facts given in this comniiiiiicatioii 
do not support this view. Hemiceliuloses containing galacturonic acid occur in 
fail quantity in the lichen, and if there had been any direct connection between 
these substances and pectic bodies, as regards their origin, then the large quan- 
tities of lichen employed, containing plant specimens of all ages, would have 
been expected to yield a small quantity of pectin at least ; such was not the case. 
In addition, as no lignin was detected, any pectin present in the young tissues 
could not have been converted into this substance as has sometimes been 
suggested. 

It might be argued that the absence both of pectins on the one hand, and 
pentosans and lignin on the other, could be regarded as evidence of a connection 
between these classes. This may indeed be the case. But the facts presented 
above make it iiecessar}^^ to emphasise the fact that not all polyuronides, of 
low uronic anhydride content, arise from pectins by decar box^dation. Tlie only 
conclusion, then, is that the hemiceliuloses of this lichen do not arise froiii 
pectic substances, but by feeble oxidation of condensed hexoses — a process 
distinct from, though largely parallel with, that which leads to the formation, 
of pectins in plants whose general level of metabolism is higher. 

Summary. 

1. The cell-wall, constituents of Cetraria islandica, other than iichenin and 
'i^olicheniii, have been shown to consist mainly of hemiceliuloses and cellulose ; 
pectins, pentosans and lignin are absent. 

2. Three distinct hemiceliuloses have been isolated, one of which is more 
closely associated with t.he cellulose and resists extraction with 4 % alkali. 

3. All three hemiceliuloses give, on hjtirolysis, mannose, galactose and 
galacturonic acid; the amount of the last is in each case low^ (10 %). 

4. Evidence is given to show that in two of the hemiceliuloses, the molecule 
consists of a resistant acid nucleus, consisting of mannose, galactose and galac- 
tiiroiiic acid units, and a more loosely combined portion, containing no mannose. 

5. The relation between the chemical nature of the cell- wall constituents 
and the habit of growth of the lichen is discussed. 
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CCXXXL THE INFLUENCE OF VITAMIN C 
ON INTRACELLULAR ENZYME ACTION. 

By ARNULF purr. 

From the, Cancer Research Gradmxte School of Medicine, University of 
Pennsylvania, Philadelphia, Pa. 

(Received August 22nd, 1933.) 

The cUsoovery of glutathione by Hopkms [1921], and the recognition that it is 
the natural activator of certain intracellular proteolytic enzymes m animals as 

^?ell as in plants [Waldsclimidt-Leitz et aL, 1930; Grassmaiin et al. 1930; 19311. 
has established a relationship between these enzjnnes and the oxidation- rediic' 
tion processes m the cell. In the ascorbic acid (vitamin C), isolated and crystal- 
lised irom suprarenal gland, oranges and cabbage, Szent-G^wgyi [1928* 1932* 
1933] has recently found another constituent of the cell which assistsV deter- 
mmmg the oxidation-reduction potential and which may be reversibly oxidised 
or reduced. 

Ascoibic acid in the organism is not Hmited solely to antiscorbutic action 
but has a still more comprehensiye role. By its reym^sible oxidation and re- 
duction, it is indirectly related to cell respiration and is also a deterniinino' 
factor^ in estabHshing the equihbrium between SH and SS compounds. The 
vitamm assumes a protective role against the oxidation of SH compounds in 
the organism^. The physiological .significance of these two substances (gluta- 
tliione and ascorbic acid) as catalysts of oxidation-reduction processes has been 
considerablj?' increased through the discovery that the activity of certain intra- 
cellular enzymes is dependent on the presence of definite oxidation-reduction 
potentials. 

Arginase is one of the most important enz^nnes of intermediary protein 
metabolism, whose activity, according to Waldsehniidt-Leitz et al. [i933] and 
Edlbacher et al. [1925; 1927; 1932; 1933] is dependent upon oxidation-reduction 
potentials. This enzyme is also activated by the system, ascorbic acid jyltis iron 
as is shown by the following experiment. 

Example. 0-25 cc. glycerol-liver-suspension (1:10), 4*5 cc. water, 10 cc. 1 % 
arginine carbonate, 5 cc. OTA" glycine buffer (p^ 9*5), incubated 60 minutes at 
30°; addition, 20 mg. cysteine-HCl, previously neutralised, or 20 mg. crystalline 
ascorbic acid (prepared from oranges), or 6*5 cc. OTA FeS 04 ; incubated 60 
minutes, 7. 

Arginase activitv 
Addition ( cc. 0*02 A NH-d 

None 7-0 

Iron 8-0 

Cysteine-iron 15*0 

Ascorbic acid (crystal pulp) 12*0 

Ascorbic acid- iron 16*0 


This may explain the high concentration of sulphydryl compounds in the suprarenal gland. 
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It is known that intracellular proteotytie enzymes of the catliepsin type 
require the presence of siilph^^dryl compounds for their activation. Ascorbic 
acid, by virtue of its oxidation-reduction potential, also apparently regulates 
the relation of SH to SS as is shown by these experiments. The decomposition 
of proteins is thus dependent on the presence of vitamin G. The conception, 
therefore, of a regulation of the intracellular protein nietabolisiii the inter- 
action of these two substances, glutathione and ascorbic acid, in the sense of 
hydrolysis on the one hand and of synthesis on the other, possesses a physio- 
logical significance. It remains to be determined [c/. Grassmaiin et al. 1931] 
■wlietlier sulphyrdryl compounds alone are responsible for the activation of the 
catheptic enzAune systems. 

Example. 5 cc. carcinoma-glycerol suspension (1:10), 0-40 g. gelatin, incu- 
bated 24 hours at 30'^ 4-0, total volume 25 cc. Results given are for 10 cc. 

of the mixture. 

NHo increase 

Additions (cc. 0“05 A' KOH) 

None^ 0-7o 

Uysteine (20 mg. ) j .79 

Ascorbic acid (20 mg. crystal pulp) 1-60 

Tlieie is scarcely a doubt that, in addition to the catheptic enzymes and 
argiiiase, other intracellular enzymes require the participation of these two 
substances for then activation. Among the enzyme groups which we are in- 
vestigating from this point of view in our laboratories, niethylglyoxalase is of 
pai ticiilaidnterest. If it should turn out that the action of this enzyme is related 
to the oxidation-reduction potential in the cell, a new explanation would be 
found for the excess glycolysis in anaerobically developing cells, e.g. in malio-naiit 
tumours. ^ 

Ihese findings, by which for the first time a relationship is established 
betweeii^ a vitamin and the intracellular enzymes of metabolism, are of par- 
ticular significance for the question of the cause of aiitol 3 rsis in dying cells, wliicb 
plays such an important part in malignant tumours. The much disputed ques- 
tion of the ^formation and occurrence of siilphydryi compounds in living and 
djdng cells is perhaps plausibly explained by the following working hypothesis 
for respiration. 


Oxygen 


Oxidase 


SH 

—Ascorbic acid — — SS 

SH 

equilibrium 


-Hydrase 


— Hj^drogen 


riie solution of this question ui coimectioii with the activation relationships 
of iiitraeelliilar enzyme systems, particularly those of the carbohydrate -de- 
grading enzymes in healthy muscle and malignant tumours, will be the object 
01 lurther experiments. 


I am greatty indebted to Dr Ellice McDonald for his advice and assistance. 
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CCXXXII. PHENYL ISOCYANATE P 
COMPOUNDS AND THEIR IMMUNOI 
PROPERTIES. 

II. THE GELATIN COMPOUNDS. 


UNOLOGICAL 


By SYDNEY JOHN HOPKINS and ARTHUR WORMALL. 

From the Depmiment of Physiology, the University of Leeds. 

{Received August 31st, 1933.) 

Native proteins, with a few exceptions, when injected into the animal body 
readily produce antibodies. By a comparison of the chemical constitution and 
properties of various proteins it is possible to say that the presence of a certain 
amino-acid or groupmg is not essential for antigenic power, and, in some in- 
stances, to offer a feasible explanation for the non-antigenicity of a certam 
piotein. Thus, although zein is deficient in tryptophan and lysine, and caseinoo'en 
m cystine, these two proteins are markedly antigenic, and the conclusion can 
be readied, therefore, that the three amino-acids mentioned are not essential 
for a,ntigenieity. The protamines [WeUs, 1913; c/. review bv Wells, 1929], gelatin 
[Wells, 1908; 1916; Landsteiner, 1917; Starin, 1918; Kahn and McNeih 19181 
and the closely related preparation, glue [Ramsdell and Walzer, 1927], on the 
other hand, are non-antigenic. Gelatin appears to be of special interest in this 
respect, and the non-antigenicity of this protem has attracted much attention. 
fcitarm_ [1918], in particular, carried out an extensive investigation, using the 
prempitiii anaphylactic, complement fixation and meiostagmin reactions, and 
decided that the injection of gelatin into rabbits, guinea-pigs and dogs failed 
to prodiiee antibodies to gelatin. This failure of gelatin to incite antibody pro- 
duction ha,s been interpreted in several wa3^s, but the view most commonly held 
suggests that the non-antigenicity in this mstance is due to the absence of 
aromatic groupmgs, for gelatin is deficient in tyrosine and tryptophan, and it 
contains only a very small amount of phenylalanine. Gelatin^ however, differs 
rom other proteins in many respects, and several additional suggestions might 
be advanced to account for its pecuhar immunological properties. Thus, it is 
miportant to know whether the failure to produce antibodies is entirely due to 
the absence of aromatic groupmgs, and for this purpose it was decided to 
introduce into the gelatm molecule groupings of this nature. 

Landsteiiier [1919] found that gelatin coupled with diazotised metanilic acid 
gave precipitin reactions with antisera produced by the injection of horse-serum- 
protems coupled mth m-diazobenzenesulphonic acid, and that in higher oon- 
eentrations the gelato compound specificaUy inhibited the precipitin reaction 
betwepi these azoproteins and their antisera. Adant [1930] and Bruvnoahe and 
\assiliadis [1930] studied the serological properties of gelatin coupled with dia- 
ildrrte r and obtained some antibody formation when this preparation was 
injected. The results of these authors will be discussed more fully later on in 
and Uhrovits [1931], working with benzoylated pro- 
t mis, have shown that immune sera produced by the injection of the benzojdated 
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V proteins of liorse serum or of beiizo^dated typhoid bacilli will give good precipitin 

reactions with beiizoylated gelatin, and that the injection of benzojdated gelatin 
produces anaphylaxis in animals sensitised with benzoylated typhoid bacilli. 
Hooker and Boyd [1933] have very recently studied the immunological pro- 
perties of gelatin coupled* with diazotised arsanilic acid, and have found that 
the injection of this preparation produces sera which give precipitin and com- 
plement fixation reactions with other proteins coupled with diazotised arsanilic . 
acid but not with the homologous antigen (gelatin-diazo-arsanilic acid). The 
evidence so far available apj)ears to show, therefore, that gelatin coupled with 
these new groupings can take part in precipitin and similar reactions, but 
evidence of the acquirement of true antigenic function does not appear to be 
very satisfactory. 

In a previous paper [Hopkins and Wormall, 1933] the immunological and 
chemical properties of phenylureidoproteins have been studied. These com- 
pounds are prepared the action of phenyl isocyanates on various proteins, 
a reaction used by Raper [1907] for the preparation of pheiiylureidopeptone 
compounds. this reaction, a new grouping, CgHgNH . CO — or a related group, 

is introduced into the protein molecule, and in the earlier paper evidence has 
f been presented which strongly suggests that the introduction occurs mainly, 

if not entirely, at the free amino -gr on j)S of the lysine molecules. The reaction, 
can he represented in the following manner : 

R, . CH . NHo Ri . CH . NH . CO . RH . CgH, 

1 “ 1 

R^ Ro 

# In this way, aromatic groupings are introduced into the protein, and the 

mode of linkage is not very different from the ordinary peptide linkage which 
appears to link up most of the amino- acids in the protein molecule. This reaction 
thus offers an alternative method for stud 3 ung the effect of the introduction of 
new groups into the protein molecule, and for several reasons it is most suitable 
for this purpose. The mode of linkage is not unlike that already present and 
the protein is not subjected to very drastic treatment. Furthermore, it appears 
ver}.’- desirable that different methods of introducing the same new group i.nto 
* different parts of the same protein molecule might be studied. Experiments 

along these lines are being carried out and will be reported later. In the investi- 
gation described here, a stud 3 ?' has been made of the chemical and immunological 
properties of pheiiyliireido- aiid^^^-bromophenyliireido-gelatin, the priniar 3 ^ object 
being to determine whether the introduction of aromatic groupings into the 
gelatin molecule would render it fulty antigenic. For this purpose these gelatin 
compounds have been tested, in precipitin and complement fixation tests, with 
several antisera against plien 3 dureido-horse-serum-globulin, and immunisation 
experiments have been carried out to determine whether antibodies are pro- 
duced when these plienylureidogelatin compounds are injected into rabbits. 

Experimental. 

Pre^paration of phmylwreidogelaUn, 

4 g. of gelatin (Coignet’s ^‘Gold Label”) were dissolved in 400 cc. of warm 
water, 200 cc. of a phosphate buffer of pjj 8*0 added, the mixture cooled and 
stirred and 3*2 cc. of phenyl isocjansde added. The mixture was kept at pjj 8 
and stirred for about 1 hour. The phenylureidogelatin was then precipitated b}^ 
acetic acid and purified b 3 ^ two further precipitations as described in a previous 
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pa])cr [fTopkins and Wormall, 1933], This amount of gelatin usually furnished 
uixiei- these conditions about 60-80 cc. of a solution containing about 2 V of 
])rotein. NatJI was added to give 0-9 %, and the solution was filtered throiudi 
a Berkefeld filter-candle. The filtered solution was kept in sterile tubes in the 
irc-chcst, and the .solidified mass was melted by gentle heat when required. 

The solutions thus obtained were perfectly clear and closely resembled solii 
tioiis of gelatin. The phenylureidogelatin compounds, like the similar com 
Ijounds of serum-globulin and oaseinogen, can be precipitated by the addition 
of diluto^acetic acid to pjj 4-4-0, and the precipitate.s are readily soluble avain 
■'ll' /q, j-o, altliough with the gelatin preparations di.s.solution is best effected bv 
warm irater or NaCl solution (25-30°). The solutions used in this -work (eon 
ta.inmg J-2-r) % of phenylureidogelatin) solidified on cooling, and thus substi 
tutioii m the free amino-gi-oup.s of the gelatin molecule does not destroy the 
capacily to iorm gels. In this connection, it is interesting to note that gelatin 
treated with nitrous acid or with formaldehyde still exhibits gel-formation. 

Pnjm mi ion of f-hrotnopJien.ylureidogelatin. 

This compound was prepared by the addition of a filtered ethereal .solution 

* about 30 cc. of ether) to a cooled and 

steed mixture of 400 ec. of 1 % gelatin (Coignet’s '‘Gold Label”) and 200 cc 
of phosphate buffer ofpg. 8-0_. The mixture was cooled, kept at 8 and stiiTed 
for about I j hours, after which precipitation and purification were effected as 
[Hopkins and Wormall, 1933]. Prom this amount of 
Sol!f • ’ cc. of a solution eontainmg about 2-o % of p-broniophenvliireido- 
.^elatiii iisuailY obtained. NaCl was added to the extent of 0-9 and tli^ 
station liW through o BerkofoM lil w.»„dl. and kept in the ico.'iert 


Nitrogen determinations, 

„■ ■. f ™1“0-N to total N in the above preparations and in gelatin 

^ measure of the amount of substitution wa.s 

lit The main bulk of the antigen 

s ] It .ms used ter the immunisation experiments gave the following figures for 

Ite fi.c .umno-x\ (Soren-sen s formaldehyde method) calculated as a" percentacre 

n c i; S ,n 1 0-8 04 and p-broLphS- 

udogdatin 1-2 ^ . These figures indicate substitution to the extent of 70-75 % 

v -lSV'S W “u ™ 15-bromophenylureido- 

f la.st-named compound was found to contain 2-2 % of bromine 
vhilst another preparation of the same substance had a bromine content of 

y /q , 

Immunisation. 

Group (a) Gelatin (Coignet’s “Gold Label”). 

(xroiip (6) Phenylureidogelatin. 

Group (c) i:>-Bromophenyliireidogelatin. 

1dm untreated gelatin were made in order to establish 

two Xnv SoSste investigation. The 

tlnmS compounds were prepared as described above. It was 

^ desuablt in these experiments, where the introduction of aromatic 
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groupings was being studied, to avoid the use of phenol as antiseptic, and there- 
lore all the solutions used for injection were sterilised by filtration through 

Btrrkefeld filter- candles. 

At each injection the rabbits received a volume of the antigen solution con- 
taining 0-25 g. of the protein, and the injections were made at intervals of 
7 or^ 8 days. These injections were usually made intraperitoneally, but with 
50 % of the animals the- last twT> injections were intravenous. Samples of serum 
ixom each rabbit were tested 7 or 8 days after the third, fourth, fifth, sixth and 
seventh injections and also about 3 weeks after the seventh injection. Precipitin 
tests were carried out on each occasion, and usually complement fixation tests 
were also made. Each serum was tested against all three antigens (gelatin, 
phenyliireidogelatiii and p-bromophenylureidogelatin) and against phenylureido- 
chickeii-seriim-proteiiis and phenyiiireido-rabbit- serum-proteins. 

Precipitin tests. The technique of these tests was as described previously 
[Johnson and Wormall, 1930; Hopkins and Wormall, 1933]. Some of the tests 
were made at 37°, but the majority were done at room temperature (15-20°), 
since it -was found early in this work that the gelatin antigens gave much better 
precipitin reactions at the lower temperatures. In many instances tests were 
made at 37° as well as at room temperature. The results were recorded as follows : 
(no reaction), f.tr. (faint trace), tr. (trace), ±, H- ? H-A, +4- (increasing degrees 
of precipitation). 

Complement fixation tests. These were carried out as described previously 
[Johnson and Wormall, 1930], the results being recorded as follows: 4 (complete 
haemolysis), - (no haemolysis), 3, 2 and 1 (intermediate degrees of haemolysis ). 

(1) The p)henyhiTeidogelatin compounds and their reactions with 
antisera to phenylureidodiorse-serivm-globulin . 

The preliminary observation that phenylureidogelatin preparations give 
precipitates with antisera to phenyiureido-iiorse-serum-globulin, noted in a pre- 
vious paper [Hopkins and Wormall, 1933], was amplifiod by making tests with 
various antisera and using much wider ranges of antigen dilution. These preci- 
pitin. reactions 'were also compared with those obtained in similar series ofpheii^d- 
ureido -horse - serum -proteins and phenylureido- chicken- serum-proteins tested 
against the same antisera. Precipitin tests w^ere made both at 37° and at room 
temperature, and from the results obtained (c/. Table I) the conclusion was 
reached that room temperature is preferable to 37° for precipitin tests wdth the 
gelatin antigens. Indeed it lias frequently been observed that W'dl-marked pre- 
cipitates of phen 3 dureidogelatiii plus antisera to phenylureido -horse- serimi- 
giobulin have become much less bulk}^ after incubation at 37°. This w-as well 
illustrated in the experiment quoted in Table I, for on the addition of the anti- 
serum to plien^dureidogelatin good precipitates w^ere obtained, and these became 
much less pronounced after 1 hour at 37° and still less marked after 3 hours at 
this temperature. When these antigen- antibody mixtures at 37° w^ere cooled, 
the gelatin antigen precipitates became stronger again and ivere comparable 
with those at room temperature. Thus the precipitates of "pheii^dureido”- 
antiserum wdth phen^dureidogelatin appear to be more soluble at 37°, possibl}^ 
owing to the retention hj the gelatin of some of its soluhilit}^ properties. The other 
antigens used in these tests, phenylureido- chicken- seruni-x3roteins and plien 3 d- 
ureido-horse-serum-proteins behaved in the normal manner and with antisera 
to phemdureido -proteins gave precipitates at 37° wdiich were equal to, or greater 
than, those obtained at room temperatures. 
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Tal3ie I. Comparison of the p^recipitm reactions with various plienyhifeido- 
protein eompomids mid the infiueme of tempe/ratwre on these reactions. 

Imiiiiine serum 

(aiiti'phenylureido-liorse-serum-globiiliii) 



Autifs'eTi 

r 

No 

50 

No. 51 

No. 

Antigen 

dilution 


37 '^ ■ 

.16=’ 

37° 

16° 

Plienyiureidogeiatin 

i :20 

- 

_ 

— 

_ 



i : 100 

f.tr. 


tr. 

f.tr. 

tr. 


1 : 500 

± 

tr. 


A 

-!- 


1 : 2500 

A- 

dr 


-h 



1 : 12,500 

tr. 

tr. 

tr. 

tr. 

tr. 

Idieriyliireidci-ciiickeii- 

1:20 

± 

j_ 


-r 

rt 

seriim -proteins 

1 : 100 


-u 

4 . 

A 



1:500 

-r 

+ 

A 

4 - _L 

A 


1 : 2500 

tr. 

tr. 

rh 

±~ 

tr. 


1 : 12,500 




_ 


Pile iiy lureitlo - Iio rse - 

1:20 

+ •T 

7 -f 

A A dr 

A -1- A 

A dr 

serum-proteins 

1 : 100 

■f -f it 

+ - 1 - ± 

A A A 

A A A 

A A 


1:500 

+ ± 

Art 

-I — !_ 

4 _ 

A 


1 : 2500 



A 

A 

f.tr. 

tr. 


1 : 12,500 

- 

- 

- 



37 =’ 


± 

tr. 

+ 

+ 

j_ 

tr. 


Tlie results given in Table I indicate a very marked capacity on tiie part of 
plieiiyliireidogelatin to give precipitates with antisera to plieii^dureido-horse- 
seiiini-giobiiliiij but maximiini precipitation is observed with miicli greater dilu- 
tions of tile gelatin preparations^ compared with the similar preparations of 
norse-seriim-proteins or chicken-serum-proteins. These difl’erences in the zone 
of maximiim precipitation may be related to the number of reactive groupings 
in the antigen, but this does not appear probable since the preparations used 
for these tests (Table I) did not difier to any great extent in the number of 
pheiiykreido groupings ^introduced. Complement fixation tests have also de- 
iiionstrated the same difference in capacit};^ to react with the antiserum, the 
plienyiureidogeiatin preparations being active in much higher dilutions than 
are the corresponding serum-protein compounds (cf. Table II) „ 

lable 11. Coniplemsnt fixation tests with phenylureidogelatin compounds. 

(Tests with ijiimiine serum, No. ol—anti-plieiiylureido-liorse-serum-globulin 

. . , Read- 

Antigen dilution Con- ins 

trol afth? 


Antigen 
i'^lienyliireido- 
liorse -serum- 
proteins 
Piienylureido- 
gelatin. 


1:20 1:60 1:180 1:540 1:1620 1:4860 1:14, oSO 1 : 43,740 (NaCl) (hb 

!|7 — — - 1 4 41 

431 — — — 2 4 41 


riie other gelatin preparation used in this investigation, ®-bromophenyI- 
urerdogelatm, gave very similar results with all the antisera, but the precipitin 
and complement-fixation reactions with this preparation were not quite so 
pronounced as those wuth phenylureidogelatin. 

inhftition tests, involvmg the addition of simple substances to mixtures of 
the antigen and antibody in order to determine which groupings could specifi- 
cally mliibit the formation of the precipitate [Landsteiner, 1920; Landsteiner 
and van der Scheer, 1931; 1932] were made with certain amino-acids and their 
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plieiiyliireido- compounds in a previous paper [Hopkins and Woriiiall, 1933]. 
these experiments, made with plienylureido-cliicken-serum-proteins and antisera 
to plieiiyiiireido-liorse-serum-glohulin, furnished very strong evidence for the 
view that the immiinologically active grouping in the phenylureidoprotein is 
the pheiiyliireidolysine group. Similar results have been obtained from tests 
carried out with pheiiyliireido- and p-bromophenylureido -gelatin as antigens in 
the precipitin reaction. Experiments have also been made to determine whether 
similar inhibition might' he obtained in complement fixation tests with the 
plieiiyliireidogelatin compounds, and the results of an experiment of this nature 
are given in Table III. From these results it will be seen that pheiiyliireidolysine, 
and to a lesser extent phenylureidoalanine, inhibit these coiiipiement fixation 
reactions. 

Table III. Inhibition of complement fixation tests. 

Antiserum. jSTo. 51 (anti-pheiiylureido-iiorse-serani-globiiliii). 

Antigen. Plieiiylureidogelatiii. 


Inhibiting substance 


Antigen 

dilution 

mcl 

Lysine 

Alanine 

Phenyliireido - 
lysine 

Phenyliireido - 
alanine 

1 :20 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

1 : 60 

4 

4 

4 

4 

4 

4 

4 

4 

4 . 

4 

1 : 180 

2 

3 

3 

4 

2 

o 

4 

4 

4 

4 

1 : 540 

— 

— 

— 

2 

, — 

— 

4 

4 

3 

4 

1 : 1620 

— 

— 

— 

. — 

— 

— 

4 

4 

1 

2 

1 : 4860 

— 

— 

— 

, — 

— 

— 

4 

4 

— 

1 

1 : 14,580 

— 

— 

— 

— 

— 

— 

4 

4 

— 

2 

1 : 43,740 

— 

— 

— 

— 

, — 

— 

4 

4 

2 

3 

1 : 131,220 

1 

3 

1 

2 

1 

3 

4 

4 

4 

4 

1 : 393,660 

3 

4 

2 

3 

3 

4 

4 

4 

4 

4 

Control 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

(NaCl) 

Reading 

4 

1 

V 

1 

1 

1 

.1 

1 

4 

1 

(Iir.) after 

Details of tests. 

A mixture of 0*5 cc. 

of the antigen, 

0*10 cc 

. of the inactivated antiseniin 


0*10 cc. of 1 : 5 guinea-pig serum and 0*10 cc. of a neutral Jf/lOO solution of the “inhibiting’’ 
substance (in 0*9 % NaCl solution) was kept at room temperature for 1 hour. 0*5 ec. of a 4 % 
suspension of sensitised ox red cells was then added to each tube and the tubes placed in a water- 
bath at 37°. 

(2) Immunisation experiments with phenylureido- and 
^-bromophenylureido -gelatin. 

In order to determine whether the introduction of aromatic groupings into 
gelatin really endows this protein with antigenic power, immunisation experi- 
ments have been carried out with phenylureidogelatiii and p-bromoplienjd- 
■i iireidogelatiii. In these experiments the modified gelatins were injected into 

rabbits as described earlier in this paper, and the sera of these rabbits were 
tested frequently by precipitin and complement fixation tests, for the presence 
of antibodies to gelatin itself, to pheiiylureidogelatin or to any other pheiiyl- 
iireidoprotein (phenyliireido- chicken-serum-proteins, etc.). Each rabbit received 
seven injections of the phenyliireido- or p-bromophenyliireido -gelatin, at in- 
tervals of 7 or 8 days, and the sera were tested 7 or 8 days after the thii*d and 
subsequent injections. Throughout the whole of each series of injections the 
; serological tests gave negative results, although there were one or two occasions 

I when the precipitin tests made with these sera and phenylureido-chicken-serum- 

proteiiis (or phenyliireido -rabbit- serum-proteins) showed very faint traces of 
a precipitate. These turbidities were very slight, however, certainl}^ not more 


1712 


S. J. HOPKINS AND A. WORMALL 






sigiiificaiit than, a trace, and they were only observed in very strong antigen 
solutions (a 1 : 20 solution of the 5 % protein solution). Since even these slight 
rea.(3ti,oiis were never obtained with the concentrations of antigen norniall}^ used 
for the testing of antisera, and since they were obtained on a, few occasions only, 
the coiiciiisioii was reached that they are not significant. The coiiiplenieiit 
li.xa;ti,oi.i tests made siiiniltaneousty with the same sera and the same antigen 
solutions complete^ negative on every occasion. 

Discussion. 

The action of plien3d ?’6*oc3Wiate and p-brottiop}ien3i ?‘50C3^anate on gelatin 
results i,ii t.,h.e production of piien^dureidogelatin compounds which readil3r give 
]).r('M:*i,piti.i:i and eoinpiemen,t fi,xation reactions with antisera to plien3diireido- 
liorse -se,r 11,111 -giobiilin. In the co.mpleinent fixation tests these gelatin compounds 
a'ppeai* to lieliave ver3' much like the corresponding serum-protein compounds, 
but ill t,lie precipitin reactions the3' show certain significant differences. Tlie 
chief difference is related to the influence of temperature on the extent of pre- 
cipitation, the amount of precipitate formed with the gelatin eompouiid being 
much less at 3 7'' than at 16-20°. This difference is possibl}^ related to the greater 
solubility of gelatin at the higher temperature. A comparison of the precipitin 
and complement fixation tests wdth phenylureidogelatin and the corresponding 
serum-protein compounds has also shown that the zone of maximum p,recipita- 
tioii, or the zone of complete complement fixation, is found in much more dilute 
solution with the gelatin compounds- This difference in activit3" does not appear 
to be rela ted to the number of pheiudureidotysine groupings in "the plien3diireido- 
protein, and at the present time no explanation can be advanced to account 
for the greater power of the gelatin compounds to give precipitates in very dilute 
solution. 

This abilit3^ to give precipitates or complement fixation when mixed with 
various antisera does not in any weiy prove that the pheiydiireidogelatin pre- 
piritioiis arc trul3^ antigenic. A similar power to give precipitation with suitable 
li'' _ antisn i l‘^ exhibited b\^ the so,iiible specific substances, w,hich do not normally 

iiK itf xiitibof] y response w^hen injected into an animal [Heidelberger and x4.xmi.y, 
162], f/ PiciMW lyv Hmdelberger, 1927]. More recent work suggests that some 
mod jilt ilion tf the view that these iinmiinologicall3" active carbolyvirates and 
&,imilar haptens are non-antigenic, will perhaps be necessary, since it has been 
shown that certain of these haptens can produce antibodies wdieii injected after 
*, adsorption on kaolin, collodion particles, charcoal, etc. [Gonzalez and Ai’inangue, 

1931; Zozaya,^1931; 1932; Landsteiner and Jacobs, 1932; 1933]. Any modifica- 
tion o,t this viexv does not affect, however, the argument advanceci here that 
the^capacit3^ to give a precipitate or to give compleiiient fixation when certain 
antisera are added does not iiecessarity imply that the substance is antigenic, 
ix. that it will produce antibodies when injected into an animal. There are 
sc3veral other instances of precipitin reactions with substances which are not 
truly aiit,igenic. Thus, antibodies to azoproteins will give precipitates w^ith azo- 
d3vs [Landsteiner and van der Scheer, 1932], indicating the specific combination 
of antdiodies with substances of relatix"el3^ small molecular w^eight to give a 
precipitate^. The demonstration of true antigenic power inx^olves the formation 
of ^aiitibodies wdien the substance is injected into an animal, these antibodies 
being detected by the precipitin, complement fixation or some similar test. 

The iiiiiiiiiiiisation experiments with phen3dureido- and p-bromoplieiyd- 
ureido-geiatin compounds described in this pap*er have shown that these com- 
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pounds do not produce any significant antibody response detectable by precipitin 
or complement fixation reactions. From these results the conclusion can be 
reached, therefore, that to render gelatin antigenic in the full sense it is not 
sufficient to introduce aromatic groupings. The non-antigenicity of gelatin, 
although it might conceivably be due in part to the absence. of such groupings, 
is not due solely to this deficiency. For several reasons it would be desirable to 
introduce into the gelatin molecule an aromatic grouping which is completely 
or almost completely identical -with one of those present in other proteins, e-.g, 
the tyrosine or trj^'ptophan groupings linked to the rest of the molecule hj means 
of a peptide linkage. It is hoped that experiments along these lines will be 
made in the near future, but it is realised that it may be extremely difficult to 
effect the introduction of a grouping of this kind without recourse to a fairty 
drastic method which will involve some other change in the protein moleeiiie. 

The results obtained by Adant [1930] and Briiynoghe and Vassiliadis [1930] 
are difficult to correlate with those recorded in this paper. Adant found that 
gelatin coupled with diazotised aniline produced, when injected into the rabbit, 
antibodies which wmiild give precipitates with gelatin- diazotised aniline and 
also with gelatin itself. The reaction between these antisera and gelatin is most 
difficult to explain, and it appears necessary to postulate the acquirement of 
antigenic powder when diazotised aniline is coupled with gelatin and the forma- 
tion of at .least tw^o types of antibody or antibody groupings wiien this complex 
is injected ; one antibody -which can specifically react with any diazotised aniline- 
protein compound and another which can specifically react with gelatin. 
Bruynoghe and Vassiliadis [1930] carried out complement fixation tests with 
these antisera to gelatin-diazotised aniline and obtained fixation with gelatin 
and not with gelatin-diazotised aniline. These findings also are difficult to in- 
terpret and without further experimental details it wmild be impossible to assess 
the signifi-cance of these complement-fixation results. Hooker and Boyd [1933] 
have recently carried out similar investigations using gelatin-diazotised arsanilic 
acid, and they find that this gelatin compound produces in the rabbit antibodies 
which will give precipitin reactions with other proteins coupled w^ith diazotised 
arsanilic acid but not with gelatin-diazotised arsanilic acid or with gelat,iri. 
These results of Hooker and Boyd indicate that antigenicity is to some extent 
conferred on gelatin by coupling it wfith diazotised arsanilic acid, but, as these 
authors point out, the results “do not sliow-^ that the non-antigenicity of gelatin 
is due solely to its deficiency in aromatic amino-acids.’’ Hooker and Boyd record 
the significant finding, but one which is difficult to interpret, that gelatin-diazo- 
tised arsanilic acid reacts with antisera to egg-wffiite-diazotised arsanilic acid 
but not wdth antisera to gelatin-diazotised arsanilic acid, although the last- 
named antisera give precipitates with egg-wffiite proteins (or caseinogeii) coupled 
wdth diazotised arsanilic acid. From many points of view, it might be claimed 
that the method used in the work described here has several advantages over 
other methods which have been used for the introduction of aromatic groupings 
into the gelatin molecule. With the phenyl isocyanate method., the linkage is 
one which does not differ very considerably from the ordinary peptide linkage, 
and a second point in its favour is that any excess of phenyl t-socyanate is rapidly 
destroyed and the products formed from it are easily removed from the plieiiyl- 
ureidogelatin solution. 

From the immunisation experiments described here, it appears probable 
that some explanation other than that relating to aromatic groupings wdli have 
to be advanced to account for the non- antigenicity of gelatin, but any suggestion 
offered at the present time will be mainly speculative. The chemical constitutions 
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of gelatin and other proteins can be compared and tlie non -antigenicity of the 
forinei’ attributed to tlie absence of some substance or grouping which is present 
ill all antigenic proteins. Gelatin is deficient in, amongst other things, aromatic 
aiiiiiio-aeids and carbohydrate groupings. The mere introduction of benzene 
rings does not appear to convert gelatin into an antigen, and with reference to 
the second possibility there appears to be little or no evidence that proteins 
must contain a carbohydrate grouping before they are antigenic. The carbo- 
hydrates a,.ssociated with certain bacterial proteins undoubtedly play the pre- 
dominant role in the determination of certain types of specificity, and there are 
probably very many instances of specificity determined by the carbohydrates 
present. It does not necessarily follow, however, that protein specificity is 
always determined by the carbohydrate groupings which are usually associated 
with native proteins, nor does it mean that aiitigeiiicitA^ is exhibited only by 
those proteins which contain carbohydi^ate groupings. In this case, however, 
as with the other suggestions which might be offered to account for the iion- 
aiitigenicity ot gelatin, it does not appear profitable at the present time to discuss 
the matter at any length, and much additional evidence will be needed before 
it is possible to reach any final decision. 

Stjmmaey. 

1. Pheiiylureido- and p-bromophenylureido-gelatin have been prepared by 
the method x^reviousiy described. Some properties of these compounds are 
described. 

2. These gelatin preparations give marked precipitin and complement 
fixation reactions with antisera to plienylureido-iiorse-serum-giobiilin. 

3. With the gelatin preparations the zone of maximum precipitation is 

I found ill higher dilutions than are the corresponding zones for phenylureido- 

compounds of horse-serum-globulin or of caseinogen. This difference does not 
*|r . appear to be related to the number of new groupings introduced. 

4. dlie precipitin reactions with these gelatin compounds are most pro- 
nouiiced when carried out at room temperature (15-20°) or at lower tempera- 

^ tiires, since there is a strong tendency for the precipitates to go into solution 

at 37". ‘ 

(i 5. Phenyliireido- and p-bromoplienylureido -gelatin when injected into 

rabbits over a long period fail to produce antibodies which are detectable «by ' 
precipitin and complement fixation tests. The conclusion is reached, therefore 
that the non-antigenicity of gelatin is not due solely to a deficiency in aromatic 
'/ gxoupmgs. 

One of the authors (A. W.) is indebted to the Medical Research Council for 
a part-time personal grant and for a grant which lias, in part, defrayed the 
expenses of this research. 
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The raeemising action of acetic anhydride on amino-acids has attracted a con- 
siderable amount of attention recently. ■ For this reason and also because 
dll igiieaiid^ and Sealock [1932] have suggested that the acetylcysteine made 
by one of us [Pirie, 1931, 1] was partly racemic it seemed advisable' to study this 
substance further. The metaboHc work which we carried out with this doubtful 
material [Hele and Pirie, 1931] had also to be repeated. 

Using the method of preparation already described, veiy little racemisation 
does in faet occur; the preparation has, however, been simplified by the substi- 
hition of lead acetate for cuprous oxide as a precipitant for the acetylcysteine. 
The use of ketene as an acetylating agent was suggested to us by the work of 
Bergmami and Stern [1930]. The reaction proceeds very smoothly in alkaline 
solution and gives, as is shown later, an unraceniised product in iikarly quanti- 
tative yield,. 

^ The fact that the cysteine in mercapturic acid is acetylated gives a spi^cial 
ndnrest to metabolic studies on acetylcysteine. The results of previous papers 
on trie nietabolisin of related compounds [Hele and Pirie, 1931; Pirie 1932] 
ma\:^ be summarised as folio w^s: ’ ’ ■ -j 


Substance 

Ci^steine or cystine 
G,iutatliioiie 
G-Iycylej^steine 
]\Iet,liionine 


% excreted as sulphate 
in 2 days 


% excreted as neutral 
sulphur in 2 days 

4 

10 

19-5 

16 


The present work on acetylcysteine gives the following mean figures. After 
oral administration 48 % of the dose is excreted as sulphate and 32 % as neutral 
sulphur; after subcutaneous administration the figures are 28 and 42 %. Our 
previpus results with orally administered acetylcysteine were similar' but on 
le .single occasion when it was given subcutaneously a larger percentage was 
of tbrmolecuP^^^*' ^acetylation has reduced considerably the oxidisability 

C'T'fnd A brisk current of ketene, prepared by the 

nictliod of Ottyy [1931], is passed into a cold suspension of 20 g. ofebstine 
in 130 cc. of 0-6 A NaOH. The mixture is kept cool with tap water and rfter 
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half ail hour 30 cc. of 2*5 Y NaOH are added. All the cystine soon goes into 
solution and after about an hour the action is complete, i.e. a sample has no 
formaldehyde titration. The solution is now slightly acid, 20 cc. of glacial acetic 
acid and some zinc are added and the mixture warmed to 50-60° and allowed 
to cool. It is stirred occasionally and filtered when cold. 

The filtrate is made up to about 400 cc., and normal lead acetate solution is 
added till the supernatant fluid after centrifuging a sample gives no further 
precipitate with more lead acetate. The precipitate is centrifuged and washed 
two or three times on the centrifuge with 1 % lead acetate solution; it is then 
suspended in water and decomposed with hj^drogen sulphide. There slioiild be 
no avoidable delay during the operations described in this paragraph or a brown 
colour will develop, and the yield will be small. 

The lead sulphide is removed by filtration and the filtrate distilled to small 
bulk in vacuo. Acetylcysteine crystallises readily in thick prisms and occasionally 
ill well-formed octahedra; yield 21-5 g. 

The ;^u’oduct made in this way is purer than that obtained by the old 
method; its m.p. is IIT instead of 107-109°, and a 2-7 % solution in water has 
[oc]!i;;= A6.3°. 

1-28 g. of this (^-acetylcysteine were hydrolysed by boiling for 2 hours 
with 20 cc. of 6 N HCl and evaporated to dryness. The residue was taken up 
in water, neutralised and aerated after adding a trace of iron. 0*95 g. of cystine 
was obtained; this is 94 % of the theoretical amount. A 0-4 % solution in 
A/9 HCl showed [a] 54'; = — 274°. This value is that to be expected for a dilute 
solution of cystine in weak acid [Pirie, 1931, 2]; it is clear therefore that, when 
prepared by the ketene method, acetylcysteine undergoes httle or no racemi- 
sation. 

If a ketene lamp is not available an almost equally unracemised product 
may be made, though rather less conveniently, with acetic anhydride as in 
Mcolet’s [1930], Hollander and du Vigneaud’s [1931] and Piiie’s [1931, 1] 
methods if the reaction mixture is kept cold. The reduction and precipitation 
with lead are carried out exactly as in the method described in this paper. 
A sample of acetylcysteine prepared in this way was hydrolysed with 6 N HCl : 
the cystine obtained from it had [a]:^' = — 265°. Under these conditions there- 
fore racemisation, as might be expected from the work of Bergmami and Zervas 
[1928], does not occur very readily. 

Diacetylcystine is easily prepared from acetylcysteme by oxidation with 
hydrogen peroxide. Experiments carried out in the same manner as those 
already published by one of us [Pirie, 1931, 2; 1933] show that this oxidation 
is catalysed by iron and thio carbamide in much the same wm.y as the oxidation 
of glutathione, but that copper has only a shght catalytic powder. The oxidation 
is therefore carried out in the same way as that of glutathione [Pirie, 1931, 1] 
but using a trace of iron as catalyst. Diacetylcystine prepared in this way, like 
that prepared by Hollander and du Vigneaud [1931], is a non- crystalline, slightly 
guiiiiiiy solid, exceedingly soluble in water. 

Metabolic experiments. 

Two bitches, Patsy (8-5 kg.) and Christina (8-7 kg.), were used. The diets 
and analytical methods were the same as in our earlier work [Hele and Pirie, 
1931]. When fed in the amounts used in this work (i-acetyicysteine showed no 
signs of being poisonous and did not affect the dog’s nitrogen excretion appre- 
ciably. 
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Tile results of iiiiie experiments are as follow. 

% of dose 


.Dog 

Dose 

g- 

Route 

excreted 
as sulphate 
in 2 days 

% excreted 
as neutral 
sulphur 

% of dose 
accounted 
for 

1. Patsy 

1-63 

Orally 

34 . 

32 

66 

2. 



59 

35 

94 

3. 

5 J 


56 

31 

87 

4. Christina 

5? 


46 

39 

85 

5. ,, 

6. 

33 

5? 

40 

31 

71 

33 

KSubciitaneously 

47 

30 

77 

7. 

33 

29 

39 

68 

8. „ 

0*815 

Orally 

52 

27 

79 

73 

9- 

1*63 

Subcutaneously 

27 

46 


111 Exps. E 3j 5 and 9 <i-acetylcysteine was prepared by the old method and 
ill the others by the ketene method. 

The rise in neutral sulphur observed after feeding acetylcysteine is due, in 
part at leastj to the excretion of that substance unaltered in the urine. From 
a mixed hatch of urines passed on the day following the dose an amount of 
acetyicysteme corresponding to one-fifth of the rise in neutral sulphur was 
isolated. The method of isolation (precipitation with acid mercuric sulphate 
loliowed by the removal of sulphuric acid from the decomposed mercury pre- 
cipitate and precipitation with lead acetate) could not, however, be expected 
to give even an approximately quantitative recovery. 

A sample of each ^ day’s uruie was reduced with zinc and sulphuric acid and 
titrated with N/lOO iodine. The titration figure agreed closely with the rise hi 
neutral sulpiiiir on each, dose day, but we feel that the actuk value has little 
quantitative significance. 

Summary. 

Acetylcysteine can be conveniently prepared by the action of ketene on 
cystine in alkaline solution. 

When (bacetylcysteme is fed to a dog 48 % is excreted as sulphate and 32 % 
as neutral sulphur. It is less readily oxidised when given subcutaneously. 

We thank the Government Grant Committee of the Royal Society for grants 
in aid of this research. ‘ J » 
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PART L PIGEONS. 

The methods eiiiploj^ed at the present time for the estimation of the antineuritic 
vitamin are varied. Pigeons have long been used in tests in which the vitamin 
is administered (a) to prevent head retraction, (b) to cure head retraction and 
(c) to maintain body weight. Recently Kline et at. [1932] have described the 
use of chicks. Rats have been used in growdli tests and in tests in which 
paratytic S3miptoms are cured [Smith, 1930]. Mce have also been recommended 
by Ereiideiiberg and Cerecedo [1931] for growdh tests. 

Since the number of different factors discovered to be present in the com- 
moner sources of the antineuritic vitamin continues to increase, methods of 
estimation in which an antineuritic effect is produced have an advantage over 
tests depending on growth or weight maintenance. Further an element of doubt 
remains whether the principle wdiich cures the S3^mptom.s of paralysis in rats is 
identical with the antineuritic principle of Eijkman. It is true "that Smith [1930] 
found that concentrates prepared by Seidell which prevented the onset of 
symptoms in pigeons were able to cure the symptoms in rats, but the ratio 
between the pigeon maintenance dose and the curative rat dose w^as not the 
same in different preparations. We feel that the claim of a method, in which 
birds ^are not used, to measure the antineuritic vitamin must rest ultimate^ 
on evidence that results obtained by that method are parallel with results ob- 
tained by a method in which birds are used. 

Tests on pigeons must in our opinion be curative tests; as Smith has pointed 
out, a preventive test such as that of Williams [1916; 1917] takes too long, and 
a test like that of Seidell [1922], in which maintenance of bod^?- w'eight is the 
criterion, cannot be assumed to be a test for the antineuritic vitamin. It has, 
however, been difficult to find a curative test which gives trustworthy^ results. 
Kinnersley^ et al. [1928] have discussed the curative test in detail and base their 
procedure on the view’' ''that there is fundamentally a relation betw’'een the 
amount of the factor supplied and the time of protection after cure.’’ 

When a pigeon develops head retraction after being fed on polished rice, 
KimiersleyT- et al. administer a dose of the preparation to be tested ; if no relief 
of syiiiptoms is seen, they give a further dose; they observe the number of 
days for which the pigeon remains cured. If the total dose of the preparation 
administered is x g., and if the duration of the cure is y days, they express the 
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potency of tlie preparation as yjx doses per g” Tlie average result from 
several birds is taken as the true result. 

As the work in this laboratoiy involves many routine examinations,, we have 
been attracted to the curative test for pigeons because of the simplicity of the 
test; it involves less work and skilled attention than the rat test described by 
Sniitlij or indeed than any other vitamin test. We have accordingly investigated 
the response of pigeons suffering from head retraction to different doses of 
several preparations coiitainiiig vitamin testing the effect of each dose of 
a preparation upon several pigeons. The investigation has been continued diiriiio- 
31 niontlis in wdiich 688 birds have been given a diet of polished rice and water; 
as a result we are proposing a different method of using pigeons which we believe 
makes it possible for more accurate results to be obtained than are given by 
the day- dose method in routine tests. 

Details of the treatment of the pigeons. 

The pigeons were obtained from a dealer in groups of 30 at one time and 
were bhds weighing 300-450 g. We did not give them a stock diet for a pre- 
liminary period but fed them on polished rice at once; nor did we wash the 
rice. Out of the'total number of 688 birds used by us, head retraction occurred 
in 310 (45 %). The figures for different months are given in Table I and show 

Table I. Apparent seasonal variation in percentage of pigeons developing 


Jaiiii,ary 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

that the proportion was lower in Januarj'-, when the weather was cold. When 
head retraction was seen in a pigeon, the bird had usually lost from 70 to 90 g., 

though occasionally as little as 50 or as much as 110 g. Birds which did not show 
head retraction in 30 daj’s vrere not used. 

^ pigeons were kept in the open air in cages with wire netting screens of 

w-incli diameter to prevent access to faeces. When a pigeon show'ed head re- 
traction, it was taken to the laboratory, the dose was given by mouth, and 
V it, lout delay it was put again in the open air in a separate cage. Attention 
was not paid to sjunptoms other than those of typical head retraction. The 
pigeon vas^ then ^ observed at intervals and its condition recorded at the end 
01 each period ot 24 hours from the time the dose was given. The pigeon was 
o jseived foi several days to see for how long it remained free from symptoms, 
it head retraction had fully disappeared at the end of 24 hours, ‘ but had 
reappeared by 48 hours, the result was recorded as a cure for 1 day. Freedom 


retraction on a polished rice diet. 


Total no. of birds given 
j)oiished rice diet 

K 

Percentage of bii’ds in "whicli 
symptoms occurred 
in 30 days 

1931 

1932 

1933 

1931 

1932 

1933 

30 

— 

32 

23 



19 

30 

32 

32 

40 

42 

69 

23 

32 

30 

40 

53 

60 

32 

30 

, — 

50 

47 


32 

24 

30 

41 

37 

57 

32 

— 

— 

56 


20 

— 

24 

45 

— 

37 

31 





55 


Z 

32 

32 

— 

53 

47 



32 

QO 

— 

59 

34 


32 

32 


28 

42 

— 
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from symptoms for 48 hours, but for less than 72 hours, was recorded as a cure 

for 2 diiys, and so on. 

If a pigeon was not cured within a lew hours of the administration of the 
dose, no further dose was given. All doses were given in about 5 cc. of water, 
half of the ivater being kept to wash down traces. A pipette fitted with a short 
rubber tube of 2 min. internal diameter was used. 

Preparatio'iis examined . 

The preparations examined Avere (1) a sample of dried yeast supplied by 
the National Institute for Medical Research for an investigation undertaken as 
a preliminary to the International Conference hi London, 1931; (2) a sample of 
activated acid clay prepared by Prof. Jansen of Amsterdam and supplied by 
the National Institute for Medical Research; (3) a second sample of'acid clay 
proposed, for use as the International Standard of the antineuritic vitamin, also 
supplied by the National Institute for Medical Research; (4) two concentrated 
solutions kindly given to us by Prof. Peters; (5) a commercial extract of rice 
polishings; (6) a commercial soft extract of yeast. 

These six preparations appeared to us to i^roinde a sufficiently diverse 
assortment of preparations of the antineuritic vitamin. 

Experimental results. 

It will be convenient to describe some results relating to the method of 
estimating potency used by Kiniiersley et al As already stated, the percentage 
of pigeons which we have observed to develop head retraction within 30 da 5 rs 
when fed on polished rice is 45. Prof. Peters has kindly informed us that the 
percentage observed in his laboratory is almost the same. We suggest that 
the close correspondence between these percentages means that certain pre- 
cautions taken in Prof. Peters’s laboratory are unnecessary {e.g, feeding the 
pigeons on a uniform stock diet for several days before giving them the rice 
diet and Avashiiig the rice). The omission of these steps means a sav.ing of time 
and expense in routine Avork. 

The relation between dose and duration of cure. 

We have examined the conclusion of Kiniiersley et al. that there is a relatio.n 
betAA^een the amount of the antineuritic factor supplied and the time of pro- 
tection after cure, and the results are given in Table II. 

The preparations examined Avere each admuiistered in one or more doses, 
and the average duration of cure was calculated for each selected dose. Thus 
the aA-^erage duration of the cure of 11 birds to Avhich 0*03 g. of the orig.inal 
sample of acid cla}^ AA^as administered was’ 3-7 days; hence by Peters’s method 
the potency Avas 123 day doses per g. In calculating the average duration of 
cure, no account was taken of birds to AvKich the dose was administered and 
AAdiich were not cured. The final column in Table II gives the potency of each 
substance- expressed as units per g. or per cc., taking the unit as the activity 
present in 0*01 g. of the standard acid clay. The different figures for the potency 
of each substance should of course be alike if the day-dose method of comparing 
the activity of the different preparations with the standard is satisfactory. 
Inspection shows that the different figures are by no means alike. The potency 
of the original sample of acid clay was found to he 357, 176, 104 and 91 units 
per g. To the first of these figures less attention can be paid since it is based 
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Table II, Vikmmi fotemy of various substances estimated in terms of the 
InternaMonal Standard by day-dose method.'. 


I^Iaterial 

Dose 

Yo. of 
birds 
cured 

Average 
duration 
of cure 
(days) 

Day 

doses 

per g. or cc. 

Potency in 
terms of 
Standard 
units per v. 
or cc. 

Acid clay 

0*015 

4 

3*75 

250 

357 

( origiiia,! sample) 

0*03 g. 

11 

3*7 

123 

176 


0*06 s. 

16 

4*4 

73 

104 


0*12 i. 

13 

7*7 

64 

91 

Acid clay {Standai’d) 

0*03 g. 

7 

2*1 

70 

100 

Dried yeast 

0*031 g. 

2 

4*5 

145 

207 


0*062 g. 

5 

1-8 

28*8 

41 


0*125 i. 

15 

4*4 

35*2 

50 


0*25 g7 

16 

5*9 

23*6 

34 

Vitamin Bj solution (a) 

0*1 cc. 

4 

2*0 

20 

29 

(b) 

0*2 cc. 

6 

1*8 

9 

13 

(a) 

(i) 

0*25 cc. 

7 

2*1 

8 

11*4 

0*35 cc. 

9 

2*5 

7 

10 

Extract of rice 

0*25 cc. 

5 

1*6 

6*4 

9 

polishings 

0*5 cc. 

10 

5*1 

10*2 

14 


1*0 cc. 

10 

5*7 

5*7 

8 

5*3 


2*0 cc. 

11 

7*5 

3*75 

Yeast (soft extract) 

0*12 g. 

3 

1*7 

14 

20 


0*24 g. 

6 

3*5 

14 

20 


^ote. The vitamin Bj solutions (a) and {h) were tw^o different tubes kindly supplied by Prof 
Pcders, whieli were probably, but not certainly, alike in potency. Since examination showed no 
ditterence between them, they have been tabulated as one preparation. 


on a cure of only 4 birds; but there is no explanation of the difference between 
the estimate of 176 units per g. and the other estimates of 104 and 91 units 
per g., save that the error of the method is large, or that the relationship between 
duration of cure and dose of vitamin Bj given is not a straight line. (See the 
section on the statistical examination of these results.) The potency of the 
eyract of rice polishings was found to be 9, 14, 8 and 5-3 units per g., the 
highest value being nearly three times the lowest. 

In spite of these yvergenees there are some similarities; the two values 
104 and 9.1 for the original sample of acid clay are close together; the highest 
and lowest of the three figures for dried yeast, 41 , 50 and 34 do not differ by more 
than oO %; the three figures 13, 11-4 and 10 for the vitamin solution are close 
together, two of the figures for the extract of rice polishings are respectively 
8 aM 9, while the two figures for the soft extract of yeast are identical. 

draw the conclusion that there is certainly foundation for the view of 
Kmnersley et al. that a relation exists between the size of the dose of vitamin B, 
administered and the duration of the cure, but that, when groups of 10 or 15 birds 
are used for an estimation, errors of .50 or 100 % may occur. It will be observed 
that the potency m day-doses per g. or per cc. of the materials in Table II 
climmished as the dose which was examined grew larger; it follows that the 
potency of any unknown myerial expressed as day doses per g. will depend to 
sorne extyt on the dose which is chosen, becoming lover as the dose becomes 
higher, it is right to point out that these comments apply only to experiments 
m which different pigeons are used for examining the effect of different doses. 
It the same group of pigeons had been used for testing the effect of each of the 
doses of the different substances mentioned in Table II, it is possible that we 
would have found that the average duration of cure was proportional to the 
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dose; Kiiinersley et al. [1928] have published some evidence in favour of this 
expectation. ^For routine piirposeSj when a preparation is to be compared with 
the International Standard, the use of the same group of pigeons for both 
standard and unknown preparations would necessitate a long delay in the com- 
pletion of a test. 

The %iercentage of birds cured, 

x4part from the attempt of Kiiinersley et al. to estimate potency in terms of 
“ clay-doses/' other workers have cletemiiiied potency by finding the minimum 
curative dose. The difficulty of doing this arises from the variation in the 
response of dffiereiit pigeons; head retraction is not cured in some birds by a 
dose of the vitamin which wull satisfactorily cure others, and in practice it is 
impossible to define what is meant by a ^“'minimum curative dose.’’ It is 
tempting to explain differences of this kind by supposing that at the time head 
retraction occurs the deficient diet has left one bird less able to absorb the 
vitainiii than another; but such explanations do not help to overcome the 
practical difficulty of estimation. Similar variations in the response of animals 
to drugs are well known in pharmacology, and Trevan [1927] showed how they 
were to be overcome. We have followed the principles demonstrated by Trevan 
ill the following experiment. 

The sample of acid clay first supplied by the National Institute for Medical 
Research and the sample of dried yeast were tested in different doses to deter- 
mine the proportion of birds cured by each dose. Thus the dose of 0-015 g. acid 
clay was given to each of 16 pigeons wdth head retraction; 4 were cured and 
remained cured for at least 24 hours; the dose of 0-03 g. acid clay was given 
to each of another group of 16 birds, of which 8 were cured. The results are 
recorded in Table III. It will be seen that as the dose either of acid clay or of 
dried yeast was increased, the percentage of birds cured also increased. In 


Table III. Vitamin potency of various substances estimated in terms of the 
1. 8, by the percentage of birds cured. 




No. of 







birds 




Weighted 



given 

No._ 

0/ 

..'O 

Units 

mean 

Material 

Bose 

dose 

cured 

cured 

per g. or cc. 

(units) 

Acid clay 

0-015 g. 

16 

4 

25 

ns 


(original sample) 

0-03 g" 

23 

11 

48 

100 

1 m 


0-06 g. 

20 

16 

80 

115 

X iu 


0-12 g. 

20 

13 

65 

— 


Acid clay (Standard) 

0-03 g. 

15 

7 

47 

100 

100 

Dried yeast 

0-031 g. 

16 

2 

12-5 

32-1 



0-062 g. 

0-125 i’. 

16 

20 

5 

15 

31 

75 

35*7 

;i9-8 

33-S 


0-250 g. 

20 

16 

SO 

27-7 


Vitamin solution (a) 

0-1 cc. 

13 

4 

31 

22-1 


(6) 

0-2 cc. 

10 

6 

60 

17-8 

16-2 

(a) 

0-25 cc. 

13 

7 

54 

13-1 


(b) 

0-35 cc. 

13 

9 

70 

12-4 


Extract of rice 

0-25 cc. 

8 

5 

62 

14-8 


polisliiiigs 

0-5 cc. 

12 

10 

S3 

24-6 

17-5 


1-0 cc. 

12 

10 

83 

12-3 



2-0 cc. 

12 

11 - 

92 

— 


Yeast (soft extract) 

0-12 g. 

10 

3 

30 

17-9 

19-6 


0-24 g. 

8 

6 

75 

20-7 
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Pig. 1 th(3 percentage of birds cured has been plotted against the dose, and 
tile points for the acid clay and for the dried yeast fit curves of the usual 
signnoid shape. The point indicating the result of administering the largest dose 
of acid day lies off the curve tluough the other points; it was observed that all 
the bmLs which were not cured by this dose were dead on the day after the 
dose was given. This unusual occurrence gave us the impression that the curative 
action of the large dose was complicated by a toxic effect. 



0 0-03 0-06 0-12 0-24 g. 

Weight of acid clay or of dried yeast given 

Rg. 1. A.C., Curve of response of potyneuritic pigeons to graded doses of activated acid ckv 

From the two curves shown in Pig. 1 it is possible to make a quantitative 
comparison between the potency of the dried yeast and that of the acid clay. 
Thus a line pa,ral]el with the abscissa may be drawn to cut the curves at different 
pouits, and the ratio of the abscissae determined. Tims such a line drawn 
throiigdi tile oiximate corresponding to 30 % cuts the acid clay curve at a point 
of vhicli the abscissa IS 0-02, and cuts the dried ^reast curve at a point of wliieli 
the ab-scissa IS 0-06. riie ratio of the potency of dried yeast to acid clay is, 

, Similarly the ratio of the potency determined by 

a line di’awn through the ordinate corresponding to 50 % is 0-39, and that 

™ <>■='' "■* 

The estmiation of unJcnoivn preparations, 

nf * 7 ® a comparison of the potency of dried yeast with that 

that thp foregoing experiments, it may be argued 

•Daration bl-p^t^ ° Py®®^®/i®eded to construct a curve for an unknown pre- 
value Thp^testiu7o7 A- ^ method to be of practical 

thp frU -.T • TV preparations can be abbreviated, however, in 

the follov iiig way. We have constructed from the two curves in Fiv 1 a thii-d 

rwTrevariS^'^^ """ approximation to the characteristic curve 

fL 7*^® of pigeons with head retraction to doses of 

he antmeuritie vitamin. The ordinates in Kg. 2 are, as in Ko-. 1 the nercentave 

dLefewcssefiiitr^T^ of dose! tL abLssae are 

doses expressed m arbitrary figures. The abscissa corresponding to the cure of 
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50 % of birds is given the value 1-0. Half-way between this point and the origin 
is O'O, etc. The points on tlie acid clay curve in Fig. 1 are points corresponding 
to the cure of 25, oO and 80 % of pigeons; if the dose curing 50 % be taken 
as TO, theiiThe abscissae of these points in Fig. 2 are 0*5, 1-0 and 2-0, for the 
doses were in this proportion. Similarly the points on the dried j^east curve 
are plotted in Fig. 2 again taking the dose (determined by interpolation in 


Arbitrary scale so chosen that 1-0 is the dose 
which cures 50 % birds 

Fig. 2. Curve of response constructed from results of tests 
on acid clay and on dried yeast. 

Fig. 1) which cures 50 % of pigeons as TO. The points on the two curves in 
Fig. 1, adjusted in this way, fit one curve remarkably well, the coincidence 
supporting the view that the same phenomenon is responsible for the shape of 
both curves' ill Fig. 1. 

The curve in Pig. 2 can now be used for the estimation of unknown pre- 
parations of the vitamin, and the manner of its use is most simply explained 
by a comparison wiiich was made of the two water clear solutions containing 
vitamin , prepared by Prof. Peters, with the International Standard acid clay. 

Comparison of vitamin Bi solution until the Standard. 

The vitamin solution was administered in a dose of 0*1 cc. to each of 
13 birds suffering from head retraction; 4 birds were cured (approx. 30 %). 
The International Standard acid clay was administered to 15 birds suffering 
from head retraction in a dose of 0*03 g.; 7 birds were cured (approx. 50 %). 
The relative potency of doses curing 30 and 50 % of birds is given Fig. 2 as 
0-65 to 1“0. 


Hence 


0-1 cc. vitamin solution 
0-03 g. Standard 


1 CC. vitamin solution 0-2 g. Standard 
= 20 units. 


A further examination of the vitamin solution was made in which 0-25 cc. 
was administered to each of 13 birds, of which 7 were cured, or approximately 
50 % ; hence 0*25 cc. vitamin B^ solution was found approximately equivalent 
to 0*03 g. Standard, which contains by definition 3 units; hence 1 cc. = 12 units. 
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Ho fiirtlier observations were possible with tMs material, as very little was left 
blit Prof. Peters kindly sent ns another tube of solution wiiich he believed to 
be similar to the first tube, though he was not certain. The small remainder of 
the first tube was mixed with this second tube, and the mixture was administered 
to pigeons in the two doses 0*2 and 0-35 cc. The first dose cured 6 out of 10 birds 
indicating a potency of 17*5 units per cc., and the second dose cured 9 out of 
13 birds, indicating a potency of 12 units per cc. 


Com/parison of the day<lose and percentage-cure methods. 

The results obtained with the two solutions supplied by Prof. Peters made 
possibie^ a useful comparison shown in Table IV of the day-close method of 
calculating potency and the percentage -cure method. For this comparison the 


Table IV. Examination of vitamin solution. 



First tube 

, A; second tube, B. 



Units per cc. 

Dose 

Bay- dose 

Percentage - 

(cc.) 

method 

Average cure method 

0-1 A 

29 1 

20 \ 

0-2 B 

13 ! 

1 17-5 

0-25 A 

ll-6f 

lo-9 j-''' 

0B5 B 

10 J 

12 ) 


Average 


154 


two solutions examined were assumed to be identical in potency; the results 
indicated that they were. The results by the day-dose method have already 
been given in Table II. ‘ 


Observations on other prepai'-ations. 

The extract of rice polishings and the soft extract of yeast were also examined 
by the percentage-cure method. In a dose of 0-25 cc. the extract of rice polishings 
cured 5 out of 8 pigeons; in a dose of 0*12 g. the soft extract of yeast cured 
6 out of 10 pigeons, while a dose of 0-24 g. cured 6 out of 8 pigeons. From these 
results the potency in units per cc. or per g. has been calculated and expressed 
in Table V. ^ 


Table V. Comparison between results obtained by the day-dose 
and percentage-cure methods. 


Material 

Dose 

Acid clay (original sample) 

0-03 g. 

0-06 g. 
0-12 g. 

Dried yeast 

0-062 g. 

0*125 g. 

Extract of rice polishings 

y-zo g. 

0-25 cc. 

Yeast (soft extract) 

0-12 g. 

0.24 g. 


Potency by 
day- dose method 
(units per g. or cc.) 

176) 

104 1 123 

91 j 

Potency by per- 
centage-cure 
method 

(units per g. or cc.) 

100 

411 

501 42 

34) 

34 

10-8 

12 

fl] ^0-5 

20} 


The agreement seen in Table V between the average figures for the potency 

potency by the percentage- cure method 
living, or he original sample of acid clay the agreement would be close 
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but for tlie one liigli estimation by the day-dose method. The average figures 
for the two methods differ by 20 % for dried yeast, by 11 % for the extract 
of rice polishings, while the means of the two pairs of results for the soft extract 
of j^east differ by 10 % . The two methods have given the same average results 
ill these experiments because several doses were tested, and the high values 
calculated from the low doses in the dai^-dose method balanced the low values 
calculated from the high doses. 

Non-specific cures. 

The pigeon curative method has been criticised because some other sub- 
stances than the antiiieiiritic vitamin will give temporary relief from, head 
retraction in some birds. 

Two questions appear to us to be confused in tlie minds of those who offer 
this criticism, namely whether a substance contains aii}^ vitainin and liow 
11111 cli vitamin it contains. In detecting the presence of any vitamin Bj_, it is 
obviously important to watch for non-specific effects; on the other ha.iid, in 
determining the potency of a substance known to contain vitamin it is less 
important, since the substances which produce non-specific cures can usiially 
be assumed, to be absent. Histamine, pilocarpine, nitrites, thyroxine and choline 
[Dutcher, 1919; ilbderhaldeii, 1923; Peters, 1924] are not present in extracts 
of yeast or rice polishings in sufficient quantity to interfere with the estimation 
of the vitamin B^ . 

Peters adopts the precaution of administering dextrose to each bird which 
develops head retraction; we have, therefore, examined the effect of giving 0-05 g. 
dextrose in 5 cc. water to a series of pigeons prepared here. Out of 16 birds to 
which the dose was administered, 2 were cured for periods of 24 and 48 hours 
respectively. It follows from- this result, that if we were examining a substance 
of imknovm origin, in which dextrose might be present, it would be worig to 
calculate the amount of vitamin from the cure of only a small proportion of 
birds; it would be necessary to test the effect of a larger dose. It is of course 
wise to do this whatever the origin of the preparation being tested; thus, in 
testing the soft extract of yeast as already described, the potency was first 
calculated from the cure of 3 birds out of 10 by a dose of 0*12 g.; a further 
estimate was then made by administering twice the dose, when 6 out of 8 birds 
were cured. The final estimate of 18*2 units per g. did not differ greatly from the 
first estimate of 16*6 units per g. 

Bwds cured for 1 day. 

The definition of a cure of head retraction given earlier in the paper was 
that a bird should be found free from symptoms at the end of 24 hours after 
the dose was administered. If a bird found to be cured at that time developed 
symptoms again 48 hours after the first sign of head retraction, the cure was 
counted as a cure for 1 day. The opinion was expressed to us that it was 
unsafe to assume that a cure for less than 48 hours was a genuine cure. We 
have, therefore, recalculated our results, excluding all birds in wdiich the cure 
lasted for less than 48 hours. We have found, however, that the results so 
obtained did not differ appreciably from those already given in Tables II and III. 
Thus the potency of dried yeast became 47 units per g. mstead of 42 units per g. 
when using the day-dose method of comparison and became 34 units per g. 
instead of 38 units per g. using the percentage- cure method. 
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DiMcitio% of liodd f&tTdctiofi hofoT& dosing. 

When pigeons developed head retraction on the diet of rice some .vor. 
observed at the beginning of the day, and some were observed later as no 
mspections were made during the night, birds found with head retraction hi 
die mommg may have had the symptoms for 15 hours before the dose was 
^^-iiereas birds found later in the day were given the dose within 
or two ot tie o.»t. W. h.v, e»„i„o<i ti rooor* to Sheftt bMsT 
a group which were not cured by a particular dose were those which were found 
mth symptoms m the earty morning, and whether the birds which we cmect 
were those found later. The examination showed no such correlation- tho r, ^ 
of head retraction by a particular dose was not dependent on the lapse o/i 
short time between the onset of symptoms and the administration ^ 


r 


PART 11. RATS. 

The geowth-peomoting eeopeetv of vitamin Bj 

workers that vitamin B, (as distinct from 
amm or the vitamin B complex) is necessary for the growth of the rat 
Sherman and Axtmayer [1927] demonstrated the supplementary natwe of wW 
gerni and toed milk and concluded that this was due to the greater amount 
of vitamin Bi m wheat germ than in dried nidk. Chick and Roseoe [19271 fouiS 

“to”; ‘ w prep».d from ,Zt iKdijTto 

Vitamin 6 (^ 11 x 11 ?°^ “ ^ats fed on a diet deficient in 

mm J 5 (complex). If, howeA^er, this was supplemented bv a dailv dnqp nf 

moot be liberally oa‘ppHe7“ «,e°Lt P^PlAV. vitamin E, 

of “ ®«t™ations of vitamin B,, gave a daily dose 

tb.irl:S/adSntrrS“rS“ *■> 

vitaS’ S fojlSrr *'»• vrtimation of 

supplirfStamin B tf! “1 “> gtowth-proinotin* propertv. They 

smKFfU f 1 ^ of autoclaved i^east (120° for 5 hoursi or 

fre* “wM*'’S^bTT'°®'^°^ “«SoI»ted egg-white from 

ShfTfSSV 1 “ 7”“' “^““JS'^SrmTE, -d 

given rate otVoX ‘vitShT^ wa"*^ “ 

dose (eauivalent +n w d \«amm B^ was given to each rat as a daily 

for 5 hours at 120° (p^ ca. 5-0)° ^ autoclaving the extract 



Haliiclay [1932] supplied vitamin Bg as 15 % autoclaved veast in the basal, 
diet of rats wliicli were used for estimations of vitamin . 

Giierraiit and Diitclier [1932] used as a source of vitamin B 2 a dry aiito- 
G.laved (6 hours, 15 Ibs.)^ extract of yeast which had been precipitated at an 
89 % alcohol concentration of the aqueous extract in the filtrate from 50 
alcohol concentration. 

C;iTick and Jackson. [1932], in estimating vitamin Bj with the rat as the 
experimental animal, used as a source of B 2 a small , daily ration, of a wa.tery 
yeast extract, autoclaved for 4 hours at 120"^ at 5*(). 

It then seemed to 11 s that it would be useful to construct a curve of response 
relating average increase in weight of groups of rats to daily dose of vitamin 
given, as we had previously done for vitamin A and vitamin D, 

I. Diet of the rats. 

Young rats weighing 55-70 g. were given a diet consisting of: 0 / 


Caseiiiogen (light white B. D. H. not extracted) . . . 15 

Bextrinised rice starch 7 I 

Agar-agar 2 

Salt mixture (Steenbock’s 40) 4 

Autoclaved yeast g 


Each rat was given 5 drops of a good sample of cod-liver oil twice a week 
to supply vitamins A and D. 

The yeast was spread on tins in thin layers, 40 g. over 44 sq. in., and auto- 
claved for 6 hours at 15 lbs. a..dditional pressure. It became dark brown in colour 
and moist. It was dried by lea^dng overnight in an electric oven whose current 
had been turned on until the temperature was raised to 100 ® and then turned 
off before the trays of yeast were put into it. The yeast was caked afttu’ drying 
.%and had to be ground in a mortar. 

The rats were given -this diet until the}^ ceased to grow. During this pre- 
paratory period of 14 to 18 days, nearly every rat increased in weight by at 
least 10 g., many by 20 g. and some even by 30 g. Those which were given no 
vitamin after growth ceased, lost weight rapidly and died in 21-38 diivs from 
the beginning of the preparatory period. 

The rats were kept 4 together hi a cage diirmg the preparatory period, on. 
grids of 0*3 in. mesh. During the giving of doses, each rat was kept in a separate 
cage on a grid of 0*5 in. mesh. 

Twelve litters of 5 or 6 rats each were used for testing 5-6 doses of acid clay, 
each rat of a litter receiving a different dose of acid clay. T.he doses tested were 
0, 0-005, 0-01, 0-02, 0*04, 0*1 g. For the first 6 litters each dose was weighed 
daity and mixed with a little water in a separate cHsh for each rat. Some of 
the rats refused to eat their doses completely but when the dose was mixed 
with a little dextrin it was always eaten. For the later work, the acid clay was 
mixed at once with dextrin (1 part acid clay to 4 or to 9 parts dextrin as con- 
venient) and the diluted in.aterial used for all the rats. 

II, First curve of response to graded' doses of activated acid clay, the Iniermtimial 
Standa/rd of referemcefor vitamin Bj (8 aMoclaved yeast m the diet). 

Yo rats developed polyneuritis or convulsions [Smith, 1930] during this ex- 
periment, whether they received a dose of acid clay or not. 

The growth response of the rats was graded to the dose of acid chiy givtm. 
The male rats made greater increases in weight on each dose (but one) tlian 
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the female rats (Pig. 3), but the difference was less than the difference in similar 
experiments with vitamins A and D [Coward et al., 1931; 1932] The mea 
increases in weight of the bucks and does respectively have themselves been 
averaged for constructing a curve of response for use in'interpretino- estimations 
on other substances. The results of the tests on other substances have been 
treated similarly for the sake of simplicity. 



0-01 0-02 0*03 0-04 0*05 0-06 0*07 0-08 0-09 0-l0«. 


Daily dose of activated acid clay (I.S.) 
preparation of vitamin B|_ 


^ p of response ot groups of rats to different doses of activated acid clav (I.S. for 

estimations). Each rat of a group received the same daily dose for 3 weeks The 
basal diet contained only 8 % autoclaved yeast as a source of vitamin B., . 


A, determinations from male rats. 


B, determinations from female rats. 


In the fii-st 5 litters we used for the construction of this curve, several of 
the rats given the highest dose of acid clay (0-04 g.) grew less quickly than was 
expected from the growth of the rats on the lower doses. We, therefore, used 
one rat of each of the later litters for testing a dose of 0-1 g. acid clav. The 
response of the bucks to this dose was higher than to the dose of 0-04 g but 
that of the does was slightly less. This, together with results of tests of other 
substances made at the same time, led us to the conclusion that the basal diet 
w 'deficient in some substance or substances other than 
vitamin B^. We suspected the destruction of vitamin m the autoclaving of 

V WM?' possibility through the kindness 

f Di y Walker (Reader) who gave us sufficient solution of vitamin B. to 

S°'®i different doses of acid clav, but growing vevy 

slowly, ms did not, however, increase the rate of growth of any one of our 
rats, aM we concluded that the diet was not lacking in vitamin W. We then 
suspected a deficiency of vitamin or some other heat-labUe factor in the 
basy diet. Tests on other substances (Section HI) and the construction of a 


III. Comparison of other substances tvith activated acid clay 
with TegciTd to tJieiv vitobfivin pot67icy, 

T® content of vitamin at the same 

sWfi it® doses of activated acid clay wL being con- 

lahoratoripR ^ ^ s-yes were (a) a sample of dried yeast (used by several 

Ifitn 1 comiection with prehminary work on the International Standard), 

samt wnTwf '^^® ®“^T® laboratories for the 

.amc work), (c) a commercial sample of a food and {d) a commercial sample 
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of a yeast extract (I). Each was tested in two different doses. It hanpened 
that the lower dose of each substance gave a result comparable with the result 
on a low dose of acid day but the higher dose of each substance gave a result 
considerably higher than that given by the highest dose of acid clay. The mean 
increase m weight produced by each of the higher doses was well above the 
curve. In Fig. 4 the mean increase in weight of the animals given the lower 



O-OI 0*02 0‘03 0*04 0-05 0*06 0*07 0*08 0*09 0*10 a. 

Daily dose of activated acid clay (.1 S ) 
given to rats of the curve ( X ) 

Fig. 4 Uselessness of this curve of response to estimate the vitamin content of other sub- 
stances. (Bach point is the average of the mean increases in weiaht of the tacks di es 

respectively, i.e. no point is overweighted by an excess of results fTOm bucfe.) 

^ mereases m weight of the groups of rats given graded doses of the Standard 

a cot4S td “-1 g- of 

a satp4o?wra?:;4V’"^^^ -^I-*-ely of 

O = Mean increases in weight of groups of rats given daily O-Oo and 0-2 a. respectivelv of 

ycRst cxtrRiCt i. •■ ■■ 

The result from the lower dose of each test was plotted on the curve itself. The result 
from the higher dose of each test was plotted against the abscissa corresponding tcMe 

appropriate multiple ot the abscissa found for the lower dose. 

do.se of the substance was marked on the curve, the abscissa of that point noted 
and the mean increase in weight of the animals given the higher dose was 
plotted agamst the abscissa which bore the same ratio to the first ah.scissa that 
the higher dose bore to the lower dose of substance tested. It was obvious that 
the dried yeast, the wheat embryo, the yeast extract and the food substance 
each contained some substance necessary for growth which was not supplied 
in sufficient amounts by our basal diet phis large doses of acid clay. 

We, therefore, decided to repeat the experiment using 20 % autoclaved 
yeast in the diet which was then made up as follows. 



Parts 

Caseinogen (light white, B.D. H. nntreated) ... 

15 

Dextrinised rice starch ... 

79 

Agar-agar 

2 

Salt mixture (Steenbock’s 40) 

4 

Autoclaved yeast ... 

25 


he same amount of cod-hver oil was given to each rat as before. 
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IV. Seemid curve of respo7ise r elating mean mcrease in weight of grotips of rats 
to dose of vitamin Bj given {20 autoclaved yeast in basal diet), . 

A second curve of response was constructed by the same method as the first, 
but 20 % yeast autoclaved under apparently the same conditions was used 
instead of 8 % . Four litters of rats w^ere used for this experiment. The curve 
of response was steeper than the first (Fig. o). It justified our conclusion that 
ill the former experiment we had not given a large enough percentage of auto- 
claved yeast in the basal diet. 



Daily dose of activated acid clay (I.S.) 
given to the rats of the curve ( x ) 

Fig. 5. Ourve of response of groups of rats to graded doses of activated acid clay (I.S. for vitamin 
estimations). Each rat of a group received the same daily dose for 3 weeks. The basal diet 
contained 20 % autoclaved yeast as a source of vitamin Bg . 

Usefulness of this curve for estimating the vitamin content of other substances. 

X =Mean increases in weight of groups of rats given graded doses of the Standard. 

• =Mean increases in weight of groups of rats given daily 0*05 and 0-15 g. respectively 
of dried yeast. 

0 =Mean increases in weight of groups of rats given daily 0*1 and 0’2.g. respectively of 
a yeast extract II. 

The results were plotted as in Fig. 4. 

V. Go'nfirmatmi of the validity of the second curve of response relating 

mean increase in weight of groiqos of rats to dose of vitamm given. 

Two substances, dried yeast II and a yeast extract II (both different from 
those used previously), were tested in 2 doses each. The mean increases in weight 
of the 2 groups of rats given the lowmr doses of the 2 substances were plotted 
on the curve, and the mean increases in wnight of the rats given the higher doses 
were plotted against the abscissae which bore the same ratios to the abscissae 
of the lower doses as the' ratios of the actual doses. These points fell very nearly 
on the curve of response, one somewdiat above the curve, the other somewhat 
below (Fig. 5). Thus the second curve appears to be a better one than the first 
in that, so far as it has been tested, the responses do not seem to be limited by 
an insufficiency of any factor in the basal diet. The response to a test substance 
wiien this diet is used appears to be a response to vitamin only. 

VI. The possible logarithmic nat/iire of the curves. 

Each of the two curves described in this paper was constructed from 5 deter- 
minations of the mean increases in wnight in 3 weeks of 5 groups of rats, the 
rats of each group being given daily doses of 0*005, 0*01, 0*02, 0*04 and 0*1 g. 
International Standard preparation of vitamin . The curves were drawm as 
smoothly as possible near the points plotted on graph paper. Neither of the 
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curves so drawn was logaritiimiCj and the best logarithmie curve tliroiigli either 
set of 5 points (determined from the best straight line tlirougii the points 
obtained by plotting mean increases against the logs of the doses) did not fit 
the actual points at all well. But a logarithmic curve fitted the four lower points 
oi the first set very well and another fitted those of the second set only rather 
less well (Fig. 6). This is similar to our finding in our vitamin A work, in 'which 


Daily dose of activated acid clay (I.S.) 

Fig. 6. The best logarithmic curves relating the mean increase in weight of groups of rats to dose 
of vitamin given when the basal diet contains (a) 8 % and {h) 20 % respectively of auto- 
claved yeast as a source of vitamin. . 

a logarithmic curve fitted the responses of rats (mean increases in w^eiglit in 
5 weeks) to doses of 0-25, DO, 1-5, 2-5, 7*5 mg. respectively of cod-liver oil, b'lit 
not the response to the highest dose, 20-0 mg. It should, howT 3 ver, be safe to 
accept the logarithmic eq'uations for the curves for the range of mean increases 
which determined the shapes of the curves. 

The equation for the fi.rst vitamin curve reported in this paper (Fig. 6 (a)) 
for the range — 16 to -f 30 g. mean increase in w^eight is y = 102*3 +51*1 log x. 

The equation for the second curve reported in this paper (Fig. 6 (6)) for the 
range — 21 to -j- 36 g. mean increase in weight is y = 139-4 -f 70-4 log x. 

VII. Jtistification for tlie acceptance of the logarithmic equations 
for the curves of response. 

The logarithmic curve through the first 4 points in the first experiment fits 
those points so well that it can be accepted wdthout question as rej)rese'iitmg 
the relation between response and dose of vitamin given for the range of 
doses 0-005 to 0-04 g. I.S. Its equation is y == 102-3 -f 51- 1 log x. 

The logarithmic curve through the first 4 points in the second experiiiieiit 
fits those points less well and it might he accepted with some hesitation. When, 
however, the results of feeding 2 different doses of each of 2 different substances 
were interpreted by means of this curve, the ratios of the apparent potencies 
Biocbem. 1933 xxvii 109 
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of tlie respective pairs of doses were so nearty the known ratios of the doses 
that we feel no hesitation hi accepting the curve with its logarithmic equation 
as represeiithig the relation between the mean increase in weight of a group of 
rats (ail given the same dose) and the dose of vitamin given (Table VI). Its 
equation is 1 / = 139*4 + 70*4 log x. 


Table VI. Confirmation of validity of second curve of response relating meMn 
increase in weight m S iveelcs of groups of rats to dose of vitamin Bi given 
(LSX 


Siibstanee 

Daily 

dose 

No. of 

tested 

(g-) 

rats 

Pried yeast II 

0*05 

3 


0-15 

4 

Yeast extract II 

0-1 

4 

53 

0*2 

4 


Ratio of 


' Mean 
increase 
in wt. in 

3 weeks 
(g.) 

Abscissa of potencies 
curve corre- of doses 
spondiiig to according 
tlie increase to ratio of 
in A¥eight abscissae 

Actual 
ratio of 
doses 

4-2 

38*0 

0-01251 
0-0365 J 

[ 1:2-9 

1:3 

12>8 

24-5 

0-0160] 
0-0255 J 

[ 1:1-6 

1:2 


VIII. Interpretation, by means of the second curve, of results which could 
not be interpreted by means of the first curve. 

In Table VII are collected details of the tests of the four substances men- 
tioned in Section III, which could not be interpreted by means of the curve of 

Table VII. Interpretation, by means of the second curm, of results which 
could not be interpreted by means of the first curve. 


Interpretation by second 
curve of response. 
Diet contained 20 % 
autoclaved yeast 


ilctual 
ratio of 
doses 

1:4 
1:3 
1:3 
1:4 

lespoiise constructed about the same time and with the use of the same basal 
diet (containing 8 % autoclaved yeast). When these are interpreted by means 
of the second curve of response (basal diet containing 20 % autoclaved yeast), 
the ratios of the apparent vitamin potencies of the respective pairs of doses 

are f o he in very good agreement with the known ratios of the doses given. 

This may be taken as good evidence that the basal diet which contained 
omy 8 % autoclaved yeast w^as deficient in some factor necessary for growth 
w iicli was not supplied by the activated acid clay but which was supplied by 
each of the other substances examuied. 


Substance 

Pose 

tested 

(g-) 

Pried yeast I 

0-05 

0-2 

Rood substance 

1-0 

3-0 

Wheat embryo 

0-1 

0-3 

Yeast extract I 

0-05 

0-2 


Mean 
increase in 


No. of 
rats 

wt. in 3 Aveeks 
(g-) 





2 

6 4 

-1-3 

-4 

7 3 

49-7 

36-0 

3 3 

23-3 

23-7 

3 3 

55-3 

37-6 

4 2 

0-75 

-3-0 

2 4 

39-5 

27-25 

3 2 

-6-7 

-2-5 

3 2 

39-3 

33-0 


AA^erage 

mean 

increase 

of 

$ and $ 
rats 

Abscissa 
corre- 
sponding 
to mean 
increase 
in Aceight 

Apparent 
ratio of 
doses 

- 2-00 
42-85 

0*0096) 
0-0407 f 

1 :4-2 

23-5 

46-45 

0-0226) 
0-0467 [ 

1:2-1 

-M2 

33-37 

0-0101 ) 
0-0352 f 

1:3-5 

-4-6 

36-15 

0-0090) 
0-0341 f 

1:3-8 



173.5 
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Tlie potency of all substances examined has, therefore, been calculated by 
means of the second curve and stated in terms of the I.S. for vitaiiiin lb in 

Table VIII. ' 

Table \TII. Potency of substances tested by the rat method 
in terms of the 1.8. for vitamin . 



Substance 

Dose 

Abscissa corre- 
spondiiig to 
mean increase 

No. of units vitamin B- 

tested 

Dried j^east I 

(g‘) 

0*05 

0-2 

in weight 

0-0096 

0-0407 

19- 2 i 

20- 35 J 

per g. 

[ Average 

19-8 

Food substance 

DO 

3-0 

0^226 

0-0467 

2-261 

1-56] 

[ 

1-9 

Wheat embryo 

0-1 

0-0101 

10-01 ’ 

1 

10-9 


0-3 

0-0352 

11-73, 

r ” 

Yeast extract I 

0-05 

0*2 

0-0090 

0-0341 

18-0 ' 
17-05^ 


17-6 

Dried j^east II 

0*05 

0*15 

0-0125 

0-0365 

25-0 1 
24-4 ] 

i 

24-7 

Yeast extract II 

0-01 

0*2 

0-0160 

0-0255 

16-0 1 
12-8 J 

[ 

14-4 


Discussioisr. 

The point that appears to us of the greatest interest in this examination of 
the .growth response of rats to graded doses of vitamin is that the slopes of 
the two curves of response obtained with 8 and 20 % respectively of autoclaved 
yeast in the basal diet are different. One might have expected the two curves 
to be superposed at their lower ends and the curve obtained with 8 % autoclaved 
yeast to bend away suddenly from the other one at the point where the maximum 
effect allowed by 8 % autoclaved yeast was reached. This, however, is not what 
happens. There is no sudden limiting of the response to vitamin when the 
supply of vitamin Bg is insufficient. The inadequacj^ of the supply of vitamin Bg 
affects the response to lower doses of vitamin as well as to higher doses. Thus, 
with only 8 % autoclaved yeast in the basal diet, a dose of some substance 
containing vitamin Bg as well as vitamin B^ would give a higher result than the 
same amount of vitamin in a substance free from vitamin B^; provided the 
results fell on the curve, no error would be suspected (c/. our results depicted 
in Fig. 4) and the estimation of vitamin B^ would be too high. This is not only 
of practical importance, but it seems to be of theoretical importance also as 
indicating an interdependence of the vitamins. 

The difference in slope of the curves seems to indicate that the more 
vitamin B 2 (or some other factor, not Bg or B^, in the autoclaved yeast) in the 
basal diet, the greater is the response of rats to doses of vitamin . Below the 
point of intersection (5 g. mean increase, 0*0125 g. Standard), the reverse ap- 
pears to be true. 

This is a similar result to the one reported by 11 s [Coward et al.^ 1932] con- 
cerning the dependence of the response to vitamin D on the amount of vitamin A 
ill the basal diet (or given daily). We found that the larger the dose of carotene 
given to all rats daily, the greater was the slope of the curve of response to 
graded doses of vitamin D. 

We do not conclude from these experiments that 20 % yeast autoclaved at 
120° for 5 hours will always provide sufficient of the B vitamins (other than B-i) 
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to support normal growth. Indeed we have evidence (to be reported in a later 
paper) that 20 % of yeast autoclaved apparently in the same way may be far 
too small an amount for normal growth. We consider that our results demon- 
strate afresh the need for making a simultaneous test on at least one dose and 
preferably on two doses of a standard of reference whenever an examination of 
the vitamin Bj content of a substance is made. The test can only be considered 
satisfactory if there is no evidence (such as we described in Section III) that 
the substance mider test is supplymg some factor other than vitamin B which 
is not contained in sufficient amount in the basal diet. ^ 

PART III. THE VITAMIN Bj POTENCY OF A SUB- 
STANCE AS ESTIMATED BY MEANS OF 
(a) PIGEONS AND (fe) RATS. 

The decision whether the tests by means of pigeons and the tests by means 
of rats measure the same factor rests on the results obtained from the eiamma- 
tioii 01 substances bj both the methods. If both methods give the same result 
it may be assumed that the two methods measure the same factor Two sub 
stances have been examined by both methods: (a) a soft extract of yeast I and 
(0) a sample of dried yeast I (Table IX). 


Table IX. 


Substance tested 

Soft extract of yeast I 
Dried yeast I 

Dried yeast III 


Potency of substances as 
determined by tests on 


(a) pigeons 


as calculated by 
day-dose nietliod 
(units) 

20-5 

42-0 

113-0 


as calculated from 
% birds cured 
(units) 

18-5 

34-0 

S3-0 


(b) rats 

as calculated from 
mean increase in 
weight ill 3 weeks 
(units) 

17-6 

19-8 

37-8 


There IS good agreement between the results of the tests of the soft yeast 
extract obtained by all thi-ee methods, but the pigeon test of the dried yeast 
makes it appear to be twice as potent as does the rat test. The chance that this 
divergence is due to the inaccuracy which is inevitable in all three tests has been 
calculated as about 1 m 4000, which is exceedmgly small. It appears therefore, 
that for dried yeast, pigeons give a higher value for the vitamin B, potency 
than do rats. Contirmation of this result has recently been obtained by the 
exammation of a third sample of dried yeast (III, Table IX) b The day-dose 
f according to the size of dose given as shown 

Barts I and of this paper, therefore very little attention need be given 
obtained by this method of calculating the potency of the ^ied 
percentage of birds cured, however, confirms the 
^ the first sample of dried yeast; viz. the pigeon method of 

rS n eS u“ ?r! ^ ^g^er figm^e than the 

double of potency obtained by the pigeon method is about 

aoubie oi tliat obtained by the rat method. 

tion of T ® comparison of different workers’ methods of estima- 

tion of vitamm arranged by Prof. A. Jung, University of Basel. 
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It appears, therefore, that there is some reason for thinking that the rat is 
less able ^ to respond to the vitamin B]_ contained in dried yeast than is the 
pigeon. On the other hand, the rat gave the same result as clid the pigeon for 
the soft extract of j^east I, and from this it must be concluded that the rat 
and pigeon can respond equally well to the vitamin Bj in such an extract and 
also to that in^the acid clay. Thus the rat-growth method may prove to be iiii- 
siiitable for estimating the potency of some substances, but, on the other hand, 

polyneuritic pigeons are obviously not suitable for estimating the vitaiiiiii 
potency of bulky substances such as wheat germ or wholemeal bread. The pigeon 
test moreover has a probable error of +31 or -26 % when 9 birds are used 
for a single dose of a substance, whereas the rat test has a probable error of 
only + 6*1 to — o*5 % when 9 animals are used. It must be recognised, however, 
that the pigeon test is one in which the estimation is based on a specific reaction 
to vitamin B^ and it must, therefore, on general principles, be preferable to a 
growth test. 


PART IV. FURTHER CONCLUSIONS DRAWN FROM A 
STATISTICAL EXAMINATION OF THE RESULTS. 

I. Pigeons. 

A. Method of calculating results by duration of cure. 

(a) Standard deviation of the average diimtion of cure. 

The mean variance of the number of days of the pigeons’ cure w^as calcu- 
lated from the 19 tests recorded in Table II bv the formula whem 

A - m, 

N = the number of observations {i.e. the number of pigeons) and m = the iiiiniber 
of means {i.e. the number of tests). It was found that 

0-2 = 9-02, 

whence cr = 3. 

The number of pigeons from which the calculation wars made is admittedly 
small, but it is large enough to use the value of o* found as a basis for certain 
calculations. 

(1) The standard deviation of the duration of the cure in relation to the daimiion 
of the cure. It was to be doubted whether the variation in length of cure would 
be the same for pigeons given small doses as for pigeons given large doses of 
vitamin B^ . The results were, therefore, divided into 3 groups according to the 
average number of days of cure of the pigeons of the groups. The mean variance 
for each group was calculated and from it the standard deviation (Table X). 


No. of pigeons 

Table X. 

Average no. of 

Standard deviation. 

in group 

days cured 

of mean 

46 

2*0 

L2 

54 

4-1 

3-03 

60 

6-4 

3*75 


Thus there seems to be some evidence that there is less variation in the results 
obtained with low doses of vitamin Bx than in those obtahied with high dose»s. 
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(2) Conipmison between solids and liquids with regard to the pigeon's poimr 
of extracMng a7id absorhmg vitamin from them. It might be expected that a 
pigeon in an abnormal state of health would be less able to utilise the vitamin B. 
in. a solid preparation such as dried yeast or even activated acid clay than that 
in a liquid preparation such as Peters’s concentrate, the liquid extract of rice 
polishings or the soft extract of yeast which was diluted with water before hein^ 
given to the bhd. Calculations were, therefore, made of the mean variance's 
found in th e tests on the liquid and solid preparations respectively. The values 
of <T (- v'^nean variance) of the two groups were found to he 2-93 and 3-06. 
These cannot be regarded as different. As the average duration of a cure of all 
the pigeons given a liquid preparation was 3*96 and that of all the pigeons given 
a solid preparation was 4-60 days it is evident that the similarity in the values 
of a for the two groups has not arisen tliroiigli a difference in absorbability 
being balanced by a difference in the average duration of cures of the two 
groups. Thus it must be concluded that pigeons such as were used in these tests 
can absorb vitamin from liciuids and from solids such as the I.S. and dried 
yeast equally well. 

(b) Belation of duration of cu7*e to dose of vitamin given. 

A curve has been constructed relating the duration of cure to dose of 
vitamin Bj given. The data obtained from the doses of acid clay alone were 
not considered sufficient for constructing a curve for general application. There- 
fore, the acid clay equivalent of each dose of substance tested was calculated 
from the average value of that substance stated in Table III. The results were 
then averaged in 6 groups according as the dose giver was (a) 0-011 to 0-016 
(b) 0-021 to 0-024, (c) 0-030 to 0-032, {d) 0-040 to 0-048, (e) 0-056 to 0-06o’ 
(/) 0-085 to 0-087, (g) 0-12 to 0-175, (h) 0-35 g. of acid clay or its equivalent, 
and plotted as a curve relating average duration of cure to dose of acid clay 
(I.S. for vitamin Bj) (Fig. 7, continuous line). This curve is not logarithmic. 


Fie. 



the duration of cures of poljTieuritio pigeons given 
siaded doses of activated acid clay or the equivalent of these doses in other ™bstauces. 

curve drawui through points obtained experimentally, 
points much lesfweM^^ 
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Tlie best Idgaritiiiiiie curve tiirougli tlie points lias been drawn as a broken line. 
It does not fit tlie points as well as tlie first curve dravni and there seems to be 
no reason for expecting the curve to be logarithmic: it has not been used. 


(c) Ths degree of accuracy obtainable by this mMliod. 

The probable error of this test as obtained under' the conditions described 
for this laboratory has been calculated in Table XI. 


Table XI. The probabilities of obtaining certain degrees of aacimicy in this test. 
Standard error of duration of cure when 9 birds are used in a test. 


Average 
duration 
of cure,, 
say, 

4 days 


Abscissa 
corresponding 
to duration 
of cure 


Range of duration 
of cure 


Range of 
abscissae'** 
correspondin* 
to range 
of cure 


range of 
abscissae 


0-049 (ft) ib|c= iO-67 chance) 

4- 67 0-064 

3-33 0*036 

(b) ±€= ±1*0 (I chance) 

5- 0 0-074 

3-0 0-032 

(c) ±26= i2*0 (l l chance) 

6 - 0 " 0-110 

2-0 0-022 

Obtained by direct reading from curve (coiithnious line). 


Thus the probable error of an estimation of vitamin by the use of a curve 
relating duration of cure to dose of vitamin given and using 9 pigeons for 
one dose of the substance under examination is about +31 or —26 %. We 
have not yet sufficient evidence to say whether a simultaneous test on the 
Standard should he made with every test of an unknown substance. On general 
principles it would seem to be desirable. The probable error of the estimation 
of the unknown in terms of the Standard then becomes (+31 or -26) x ^^/2 
which becomes +43*7 or —37*0 %. 

It is obvious from the shape of this curve of response that, as pointed out 
in the early part of this paper, if a high dose of vitamin B^ is given the result 
calculated as the day-dose response {i.e. days of cure/dose) -will be lower than 
when a low dose of vitamin is given. The method of calculating the potency 
of a substance from da5?'s of cure/dose assumes a straight line relationship be- 
tween duration of cure and dose given. The work in this paper shows that the 
relationship is curvilinear. Therefore, the day- dose method of calculating results 
can only be used over a very limited range of duration of cure. It resolves itself 
into a deteriiiiiiation of the dose of the unknown substance required to give a 
cure of some chosen number of days and leaves no means of interpreting results 
which are of longer or shorter duration than the period chosen. 


(d) Confirmation of the curve relating duration of cure 
to dose of vitamin Bt given. 


In the fifth column of Table XII are given the doses of acid clay corresponding 
to the mean duration of cure in each test. In the last column is stated in units 
per g. the potency of each substance as determined from each dose tested. 
The results from the different doses of any one substance are in good agreement 
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Table XII. Vitamin Bj potency of different substances in terms of the 1. 8., 
estimated by duration of cure method. 





Average 

Equivalent 




No. of 

duration 

dose of 

No . of 



birds 

of cure 

acid clay 

units 

Material 

Dose 

cured 

(days) 

(g-) 

per g. 

Acid clay 

0-015 g. 

4 

3-75 

0-0435 

290 

(original sample) 

0-03 g. 

11 

3-7 

0-0425 

142 


0-06 i. 

16 

4-4 

0-058 

97 


0-12 g. 

13 

7-7 

0-320 

267 

Acid clay (Standard) 

0-03 g. 

7 

2-1 

0-022 

73 

Dried yeast 

0-031 g. 

2 

4-5 

0-0605 

195 


0-062 g. 

5 

1-8 

0-020 

32 


0-125 g. 

15 

4-4 

0-058 

43 


0-25 gT . 

16 

5-9 

0*1055 

42 

Vitamin solution (a) 

0-1 ce. 

4 

2-0 

0-021 

21 

(h) 

0-2 cc. 

6 

1-S 

0-020 

10 

9 

(a) 

0-25 cc. 

7 

2-1 

0*022 

(&) 

0-35 cc. 

9 

2 - 5 ' 

0-027 

8 

Extract of rice 

0-25 cc. 

5 

1-6 

0-0185 

7 

polishings 

0-5 cc. 

10 

5-1 

0-0775 

15 


1-0 cc. 

10 

5-7 

0-098 

10 


2-0 cc. 

11 

7-5 

0-256 

13 

Yeast (soft extract I) 

0-12 g. 

3 

1*7 

0-019 

16 


0-24 i. 

6 

. 3-5 

0-039 

16 


except for {a) certain doses for which a relatively small number of animals was 
used, and (6) the highest dose of acid clay of which the result has to be inter- 
preted from a very high, and therefore unreliable, part of the curve. The curve 
may, therefore, be considered a fairty reliable one for relating duration of cure 
to dose of vitamin given. 

Moreover^this curve and the curve relating percentage of birds to dose of 
vitamin give the same results within the limits of accuracy of the tests. 

B. Method op calculating results by percentage op birds cured. 

(a) Standard deviation of the -percentage number of birds cured. 

The percentage stan dard error of each of the 19 tests w^as calculated from 
the formula e = where p — the percentage of pigeons cured, q == the per- 

centage not cured, n = the total number of pigeons used in the test. From each 
value of e the corresponding value of a was calculated (cr = € -0i). The weighted 
mean of the 19 values for a was found to be 43-08 % . 



Weight of acid clay (or its equivalent) given 

Fig. 8. Curve of response constructed from percentage of polyneuritic birds cured by 
closes 01 activated acid cla}?" or the equivalent of these closes in other substances. 
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(b) Mekitimi of perceyitage of birds cured to dose of vitamin Bj given. 

K curve of response (Fig. 8) lias been constructed by grouping the pigeons 
and averaging results as in the last section. This curve is, therefore, based on 
more data than that in Fig. 2, it is extended through higher doses and it relates 
percentage of birds cured directty to the corresponding dose of the standard. 

(c) The degree of accuracy obtainable by this method. 

The degree of accuracy of an estimation by the use of 9 pigeons has been 
worked out as for the calculation of the duration of cure. It is summarised in 
Table XIII. 

Table XIII. The probabilities of obtaining certain degrees of accuracy in this test. 
Standard error of percentage of birds ctired -when 9 birds are used in a test. 


43-08 


Percentage 
no. of 
pigeons 
cured, 
say, 

50 

Abscissa 
corresponding 
to % cured 

£ = = 

\^n \/ 9 

Range of percentage 
number cured 

Range of 
abscissae'^' 
corresponding 
to range of 
number 
cured 

Percentage 
range of 
abscissae 

0-028 

(a) ibfe— “i9-57 (4 cliauce) 
59-57 

40-43 

0-036 

0-021 

129 

77 



(^) ibe= (1 chance) 

64-36 

35-64 

0*042 

0-019 

150 

67 



(c) ±2 €= ±28-72 (M- chance) 
78-72 

21-28 

0-084 

0-014 

300 

50 


Obtained 

by direct reading from curve of 

response. 



It is evident from the figures in the last column of Table XIII that the curve 
relating the percentage of birds cured to dose of vitamm given is somewhat 
fl.atter at its upper end than the curve relating the duration of cure to dose of 
vitamin given. Except for results falling on the upper part of the curve, 
which one would tiy to avoid in either test, it is evident that equal degrees of 
accuracy are obtained in the estimation of vitamin b 3 ^ the use of potyiieiiritic 
pigeons in either wa\", provided the results are interpreted by means of curves 
of response siicli as w^e have constructed for this paper. 

2. Rats. 

The g-roW'TH kespoxse. 

(a) The standard deviation of the response to a dose of vitamin . 

The mean variance of the increase in ■weight in 3 weeks of rats given a dose 
of vitam'in B 3 _ after tlie^^ have ceased to grow^ on a diet deficient in this vitamin 
is 89*06 for bucks and 38*96 for does. Thus the standard deviation of the increase 
in weight in 3 weeks is 9*4 for bucks and 6*2 for does. These figures are pre- 
sented with some hesitation as tlie}^ were calculated from only 47 bucks and 
36 does respectively. For purposes of calculating the degree of acciirac}?' ob- 
tainable ill the estiiiiatioii of vitamin as carried out by the growth-promoting 
test ill this laborator}^, the two values for a have been averaged (If — 7*8). 
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(6) The degree, of accuracy obtamabk by this test. 

If 7-8 be accepted as the value for cr then the standard error of the test 

using 9 rats on a dose is £ = == - 2-6'. Tiie degree of accuracy may then 

be calculated from the equation of the curve of response, y = 1394 + 704 loo- a; 
(Table XIV). ^ 


Table XIV. Degree of accuracy obtainable idtli 9 rats on a dose. 





3— "J- 

Range of 


Average 




abscissae 


increase 

Abscissa 



corresponding 


ill wt. in 

corresponding 

Kange of increase in wt. 

to range in 

% range of 

3 weeks, 

to this 


in 3 weeks 

increase in 

abscissae 

say, 

increase 


(g-) 

■weight 

(doses) 

20 g. 

0-0201 

(«) 

1 e = ih 1 - 74 chance ) 






21-74 

0-0213 

106-1 




18-26 

0*0190 

94-5 



(b) 

e= ±2-6 (1 chance) 






22‘6 

0-0219 

108-6 




17-4 

0*0186 

92-6 



C) 

2e= ±5-2 (f-1- chance) 






25-2 

0-0239 

118-9 




14-8 

0-0170 

84-5 


Similarly the percentage range of abscissae, i.e. the percentage range of 
accuracy obtainable when only 4 rats are used on a dose of vitamin is : 

1 in 2 chance (probable error) 92*6 to 108-6 % 

2 in 3 chance 88-2 to 113-8 % 

21 in 22 chance 77-6 to 129-5 % 

Thus the degree of accuracy obtainable in an estimation of vitamin 

very high. As, however, the value for the standard deviation is 
based on only a small number of animals, it is possible that the degree of acciiracj^ 
may not be as great as this, though it is unlikely that it will be very much less. 


SuMMABY. 

^ New methods are proposed for estimating the potency of preparations con- 
taining vitamin Bj by means of (1) tests in wdiicli pigeons are cured of head 
retraction, (2) tests in which the growth of rats is observed. Several substances 
have been examined by these methods in comparison with the International 
Standard (I.S.). 

The responses of pigeons (duration of cure and percentage of birds cured) 
and of rats^ (growth) to doses of vitamin Bj_ are curvilinear. This fact must 
produce differences in results calculated by Peters’s day- dose method according 
as the dose tested is high or low. With pigeons, the duration of cure and the 
percentage ^of birds cured give the same estimation of potency proAuded the 
results are interpreted by means of suitable curves relating response to dose of 
vitamin B^ given. 

The rat and pigeon methods give the same estimation of potency of a soft 
extract of yeast in comparison with the I.S. Thus the rat and pigeon appear 
to have equal ability for dealmg with the vitamin in the Standard. In tests 
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of two different samples of dried yeast, however, the pigeon test indicated a 
vitamin Bj potency about double that indicated by the rat test. Thus the rat 
appears to be less able to respond to the vitamin of dried yeast than does 
the pigeon. Statistical estimations of the results uidicated that 'the probable 
errors of the tests using 9 animals in a test are : 

(1) pigeon, (a) duration of cure ... ... -1-31 or —26 %, 

(6) percentage cured ... ... +29 or —23 %; 

(2) rat, mean increase in weight in 3 weeks ... + 6*1 or — 5-5 %. 

Moreover, the standard deviation of results obtained by pigeons is no greater 
in tests on solids {e.g. acid clay or chied yeast) than it is for liquids {e.g. extracts 
of yeast). Therefore, there is apparently no greater variation in the ability of 
different birds to deal with solids than in them ability to deal with liquids. 

In spite of the probable error of the pigeon test being much greater than 
that of the rat test, the former has the great advantage of being specific for the 
factor it is used to estimate. It may also be that it gives a truer result with 
certain substances {e,g, dried yeast) than the rat test, though it may be difficult 
to use the poljmeuritic pigeon for testing many substances which cannot be 
suspended in water and given by a stomach tube. 
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Purified clipiitlieria and tetamis antitoxins, prepared from antitoxic horse sera 
hy isolating the water-soluble globulins, are purer than the original sera in so 
far as they contain more antitoxin per g. of protein. Their higher degree of 
purity however does not exclude the fact that for a definite volume they often 
contain more protein than the original sera from which they were prepared. 
As the injection of concentrated protein solutions is not desii-able, there are 
regulations fixing the inaxiiniim protein or total sohd content of such purified 
antitoxins. For institutions concerned with the production of such antitoxins, 
the deterniiiiatioii of total solids or total protein is therefore a matter of daily 
routine. 

The gravimetric rnetliods for determining total solids and protein, and the 
Kjeldahl method, are well established but rather lengthy procedures. The 
nephelometric method for determining proteins [Kober, 1917] is cpiicker, but 
it seems not easy to obtaiii. reproducible results. The present paper deals with 
the refractometric determination of the globulm content of concentrated anti- 
toxins. 

The refractometric determination of serum-protehi by Reiss [1913; 1915; 
1924] differs from the method described here in that in natural sera the 
concentration of non-protein substances is unimovm, and may in exceptional 
cases show great variations, so that from the refractive index alone the protein 
concentration can onl}' be determined approximately. However, antitoxins, 
purified by a modification of Banzhaf ’s method of salt precipitation and heating, 
represent pseiidogiobiilin solutions free from albumin and non-protein fractions 
and containing kiiovm anioiiiits of salt and preservative. The protein content 
of such solutions can be determined by a shigle refractometric reading. 

Basis of the refractometric globulin determination. 

First we have to prove that a linear relationship between changes in the 
refractive index and changes in the protein concentration, as observed by Reiss 
[1903] and Robertson [1909] for a number of proteins, exists also for solutions 
of antitoxic horse globulin. 

From a solution of pseiidoglobulin containing 1600 units of diphtheria anti- 
toxin per cc., and freed from salts by prolonged dialysis against distilled water, 
a series of dilutions was prepaned so that each dilution contained exactly 0-80 % 
NaCl and 0*38 % tricresol. 

Table I records the globulin content of the undiluted antitoxin, the globulin 
content of each dilution (c) as well as the refractive index determined by 
means of a Zeiss dipping refractometer, at 17*5°. 
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Table I. Diphtheria antitoxin 512 G. 

Before dilution 1 cc. contains 1600 antitoxin units and 24-68 % globulin (by weight). 
All solutions contain 0-80 % NaCl + 0-38 % tricresol. 


Cilobulin 

content 

Refractive 

Change of n per 

C^ 

index 

1 % globulin 

% 

n 

a 

6-17 

1-34675 

0-00185 

4-63 

1*34391 

0-00186 

4-11 

1*34300 

0-00187 

3-08 

1*34101 

0-00185 

1-54 

1*33810 

0-00181 

refractive index of NaCl 0-80 + 0-38 

Average 0-00185 

% tricresol = 1-33531. 


Calculated from dilutions. 


If for sucli solutions, the relation between refractive index and globulin 
concentration is linear, then the following equation must hold true: ^ 

n — n' + ac 

where 71 is the refractive index of the solution, n' a constant, being the refractive 
index of the solvent (solution of 0-80 % NaCl + 0-38 % tricresol) and c the 
globulin concentration. The value a represents the supposedly constant chanf^e 
in the refractive mdex (n) due to the presence of 1 % horse pseudoglobulin. ° 

In Table I, col. 3, are recorded the values of a = calculated from 

equation (1). These represent the changes in the refractive index caused by the 
presence of 1 % globulm. 

Table II shows the results of a similar series of experiments, in which the 
solutions examined were prepared from the same antitoxin, but contained no 
salt or tricresol. Here, too, the values of a show a high degree of constancy 
and are praotieaUy identical with those recorded in Table I. The presence in 
solution of 0-38 % tricresol and 0-80 % XaCl, seems, consequently, not to change 
tne reiractive properties of j)seudoglobiilin. 

Table II. Diphtheria antitoxin 512 (7. 

Before dilution 1 cc. contains 1600 antitoxin units and 24-68 % globulin (by weight). 

All dilutions are free from salt and tricresol. 


Globulm 

content 

Refractive 

Change of n per 
1 % globulin 

PC 

index 

/o 

n 

a 

8*23 

1*34834 

0-00184 

6*18 

1*34688 

0-00187 

4-63 

1*34389 

0-00186 

3-71 

1*34215 

0-00184 

1-85 

1*33877 

0-00185 


Average 0-00185 

refractive index of distilled waters 1-33320. 

* Calculated from dilutions. 


The same values of a were obtained by examining diluted antitoxin solutions 
^epared from another diphtheria antitoxin containing 1800 units per cc. 
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Table III. Diphtheria antitoxin 512 A. 

Before dilution 1 cc, contains 1800 antitoxin units and 18-55 % globulin (by weight). 
i^Il dilutions contain 0*80 % NaCl +0*38 % tricresoL 


Globulin 

content 

Refractive 

Change of 7i per 

c* 

index 

1 % globulin 

0/ 

/o 

n 

a 

9-27 

1-35258 

0-00186 

6-18 

1-34688 

0-00187 

4-63 

1-34389 

0-00186 

3-71 

1-34215 

0-00184 

1-85 

1-33877 

0-00185 


1-33531. 

Average 0-00186 


Calculated from dilutions. 


Finally we had to show that antitoxic globulin does not differ from normal 
globulin with regard to refractive properties. Hurwitz and Meyer [1916] and 
later Meyer, Hurwitz and Taussig [1918], made refractometric globulin deter- 
minations on antitoxic horse sera, using a salt precipitation method outlined by 
Robertson [1915]. They apparently assumed that the refractive properties^ of 
antitoxic globulin are identical with those of normal globulhi, without shoving 
experimental proof. From normal horse plasma, pseiidoglobuliii was separated 
in exactly the same way as in the preparation of diphtheria antitoxin. From 
the salt-free dialysed giobulin solution dilutions were made and examined by 
the refractometer. The results, recorded in Table IV, show that the change in 


Table IV. Solutions of normal horse globulin. 


Before dilution 1 cc. contains 14-54 % globulin (by weight). 
All dilutions contain 0-80 % Nad -hO-38 % tricresoL 


'Globulin 

content 

0 / 

/o 

3-63 

242 

1-81 

0-45 


Refractive 

index 

n 


Change of n per 
1 % globulin 
a 


1-34203 

1-33981 

1-33871 

1-33613 


= 1-33531. 


0-00185 

0-00186 

0-00187 

0-00181 

Average 0-00185 


the refractive index of a normal globulin solution due to the addition of 1 % 
globulin (col. 3) is exactly the same as for solutions containing antitoxic globulin. 

This value {a = 0*00i85) is considerably lower than the corresponding value 
for ox serum -giobuhii [a ~ 0‘00229) used by Robertson [1915] but is practically 
identical with a = 0-00184 determined by Reiss [1924] for human serum-protein 
and with a = 0-00186 calculated by Adair and Robmson [1930] for horse globulin. 

For a purified diphtheria antitoxin containing a known amount of salt and 
tricresol, the globiiHii content can consequently be determined by a single re- 
fractometric reading. From the refractive index the globulin content is calcu- 
lated according to equation (1). 

Technique. 

Using the attachment No. 1 of the Zeiss dipping refractometer, it is possible 
to determine refractive indices in the range from 1-325 to 1-367. As the re- 
fractive indices of purified antitoxins are generally considerably higher, the 
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concentrated antitoxins must first be diluted (1:4) in order to make the deter- 
mination possible. 

Example: Globulin determination of diphtheria antitoxin 513 A. Exactly 6 cc 

of salt solution “A” containing 0-80 % NaCl + 0-38 % tricresol are placed in 

a test-tube and 2 ec. of antitoxin measured with an Ostwakl-Folm pipette (to 

contain) are added. The pipette used for the antitoxin should be rinsed out 

several times with the diluted antitoxin solution. This dilution (1:4) gives in the 

refractonieter at 17-5°, a reading of 42-55, corresponding to a refractive uidex 
of 1 - 343711 . V & xiiuex 

From the value (n) and the refractive index of the salt solution in' = 1-3353] i 

^ a ' 0-00185 ~ % globuhn. Taking into account the dilution 

(1:4) of the antitoxm, the globulin content of the undiluted antitoxin is 
4x4-55 % = 18-20 %. 

Globulin determinatimi by m.eans of a chart. 

Instead of calculating the globulin content in the way described, it is simpler 
to read the results directly from a chart. Such a chart (Fig. 1) is worked out 
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Fig. 1. Ordinates ; refractometer scale readings at 17-o“. Abscissae : globulin percentages of the 
undiluted antitoxin. Abscissae I, for antitoxin examined at dilution 1:4.^ Abscissae II for 
antitoxin e.xaniined at dilution 1:2. Abscissae III, for antitoxm examined undiluted. 


Solutions containing 0-80 % NaCl -1 0-38 % tricresol. 

Solutions containing 0-70 % NaCl -f 0-38 % tricresol. 


on the ba.sis of equation (1), using for the constant a the value 0-00185. The 
globuhn percentages are recorded as abscissae, the refractonieter readings as 
ordinates. Using this chart, it is not necessarjr to convert the refractometer 
readings mto refractive indices. The chart records directly the scale readings of 
the /mss refractometer obtained by examining the antitoxins at the dihition 
1:4-. Ihese direct readings represent points all lying on a straight line. The 
lixod points of this chart calculated from equation 1 are tabulated in Table V. 

lor the determination of globuhns with the technique described, it is neces- 
sary that the purified antitoxins contain exactly 0-8 % NaCl + 0-38 % tricresol, 
but the method may be worked out for any definite salt or tricresol concentration 
by introducing into equation (1) corresponding values of n' . For antitoxins 
containing e.g. 0-7 % NaCl instead of 0-8 %, n' becomes 1-33519 (20-16) and 
^ Using the conversion table of Reiss [1924]. 

“ Antitoxins with less than 12 % total solids should be examined undiluted or diluted 1:2. 
Corresponding abscissae are entered in Fig. 1. 
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Table V. 

Fixed points of Fig. 1. 

Calculated for antitoxins containing 0-80 % NaCl + 0-38 % tricresol. 


Globulin % 
of undiluted 
antitoxin 


n 

Calculated for 
dilution 1 : 4 


Corresponding 
refractometer 
reading (17*5°) 


12 

18 

20 

24 

26 


1*34086 

35*00 

1*34363 

42*35 

1*34456 

44*81 

1 *.34641 

49*71 

1*34733 

52*25 


Example. Globulin determination of diphtheria antitoxin 512 A. Dilution 1:4 with salt 
solution A. Refractometer reading at 17*5° =42*55 (■«- = 1*34371) indicating on Fig. 1, 18*17 % 
globulin (against 18*20 % by calculation). 


the refractometric readings lie according to equation (1) on a straight line which 
runs parallel with the 0-8 % line (Fig. 1). 

For research work it is often desirable to determhie the globulin content of 
freshly dialysed, salt-free antitoxins. For such cases the same chart can be used, 
but the dilution (1:4) lias to be carried out in the following way. Instead of 
using saline a special saline containing 1*07 % NaCl and 0-506 % 
tricresol is needed, bringing the final concentration to 0-8 % KaCl and 0-38 % 
tricresol. Then the determination can be carried out by means of Fig. 1 . 

This dilution technique has the advantage over refractometric examination 
of salt-free globulin solutions in that it applies not only to pseiidoglobiilin 
solutions, but also to mixtures of pseudoglobulin and eiiglobuliii, the latter 
being brought into solution by the saline used for dilution. 


Conversion of globulin percentages into total solid figures. 

The technique of determining total solids by weight, carried out in connection 
with this work, is as follows. 

In a wide weighing bottle with ground glass stopper, 6 cc. of distilled water 
are placed. To this exacth^ 2 cc. of antitoxin are added, using an Ostwald pipette 
(to contain), the pipette being washed out at least 6 times with the diluted 
antitoxin. The pipette is finally filled with distilled water and this is added to 
the diluted antitoxin. The bottle is first heated for 2 hours at 90° and then at 
100-105° until its weight becomes constant. B}^ using this technique the total 
solids can be determined with a maximum error of 0-20 % . 

Comparisons of total solid determinations on antitoxins free from tricresol 
with determinations on the same products, but containing 0-38 % tricresol, 
show that during the heating all tricresol is volatilised. For converting the 
globulin content, determined with the refractometer, into total solid figurt^s, we 
have consequently to add only 0-80 % in weight, taking into account the salt 
content of the solutions. For salt-free antitoxins, the globulin figures shoiiid, 
within the limits of experimental error, be identical with the total solid figures 
determined by weight. The mineral content of the tap water, used for dialysis, 
lias no influence on the results, if its total solid content is below 0-1 %, as in 
our case. This possible cause of error lias however to be checked for each place 
wiiere such determinations are carried out. 


Temperature coefficient of the refractometer readings. 

As the refractive index of any solution varies greatly with temperature, it 
is necessary to carry out refractometric measurements at a constant temperature. 
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In order to be able to caiTy out our determinations at any given room tem- 
perature, the temperature coeifieient (K) of the refractometer readings {i.e. the 
change of the scale reading due to a temperature change of 1°) was determined. 
For the temperature range 17-25°, K was found to be 0-260 for an antitoxin^' 
containing 19-20 % total sohds and 0-267 for an antitoxin^ with 26-38 % total 
solids, while for distilled water K is lower (0-236). K seems consequently not 
to be independent of the concentration. For the type of globuUn solutions, 
however, which are in question, the coeiBcient K = 0-26 is sufficiently accurate! 

Using this temperature coefficient the globulin contents and total solids of 
a number of antito.xins were determined by the refractometer at room tem- 
perature®. The results obtained (Table VI, col. 6) are compared with determina- 



Table VI. 

Determinations at room temperature. 


Anti- 
toxin* 
Seitz - 
filtered 

Erysipelas : 

Temp. Scale 

° C. reading 

Temp, 
corrections 
(K = 0-26) 

Beading 
calculated 
for 17-5° 

Total 
solid 
(Fig. 1) 

Total 
solidf 
determined 
at 17-5° 

Total 
solidf 
by weight 

2 A 

3 A 
Tetanus : 

24-30 40-62 

24-20 40-97 

+ 1-78 
+ T75 

=4240 

=42-72 

18- 85 

19- 11 

18- 77 

19- 10 

18-79 

18-94 

60 A 

B 

24-00 41-87 

24-10 41-99 

-1-1-70 

-1-1-73 

=43*57 

=43*72 

19-77 

19-90 

19-77 

19-90 

19-85 

19-79 

* Containing 0-80 % NaCl +0-38 % tricresol. 

t Compare Table VII b. 


tions done on the same material but carried out at exactly 17-5° (col. 7). The 
ineasurements carried out at room temperature yield total solid figures winch 
show satisfactory a^eement -with the results calculated from the readings ob- 
tamed at 17-o° and he very close to the total solid figures determined by weight. 

' or can j ing out the refractometric deternunations in the way just described, 
temperatures above 25° should be avoided and care should be taken that the 
single determmation does not take more than 10 minutes because of possible 
evaporation of the solutions. 

Discussion. 

Eefractometrie globulin determinations (17-5°), using Fig. 1, were carried 

Oil on a iiiimDer of diphtheria, tetanus and scarlet fever antitoxins. The results 

are shown in Tables VII a and VII b. 

total soHd figures in col. 4 are calculated from the refractometric globulin 
values (col. 3), taking into account the salt content of the antitoxins (see p. 1749). 

tse ca cu ated figures based on the refractometric method show a satisfactory 
agreement with the total solid figures obtained by weight (col. 6). Of interest 
IS that whatever antitoxin these solutions of horse globulm contam, their re- 
fractive properties do not differ from those of normal horse globulin. 

The possibihty of the turbidity giving rise to error was studied in the case 
of diphtheria antitoxin (Table VII a). The turbidity (col. 7) of the undiluted 
bag material, was determined by comparison with turbidity standard sus- 
pensions containing definite amounts of fuUer’s earth (expressed in parts per 
1 milhon parts of the solution). The total solid figures (col. 4) based on the 

1 Containing 0-80 % NaCl + 0-38 % tricresol, dilution 1:4 -with saline A. 

Using the ■« ater-bath, (No. 418111 Zeiss Catalogue on Dipping Refractometer) whicli was 
use lor all other experiments but -ivithout the constant -water level (No. 418101 and No. 418133) 
designed for maintaining the bath temperature at 17-5°. 
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Table VII a. Befractometric globulin determination by means of Fig. 1 {17-5"' 


Product* 

Refr. reading 
at 17*5° 
(dilution 1:4) 

Globnlin 

(refr.) 

0/ 

/o 

Total solid 
(refr.) 

0/ 

/o 

Total solid 
(by weight) 
o/ 

/O 

Differencef 

Turbidity 

Dipli. ant. Seitz-filtered: 
50‘7.2B 4143 

17*23 

18*03 

17*83 

-fO-20 

<100 

509 A 

41*82 

17*53 

18*33 

18*35 

-0*02 

<100 

510 A 

42*98 

18*52 

19*32 

19*34 

-0*02 

— 

511 A 

42*73 

18*30 

19*10 

19*21 

-0*11 

<100 

512 A 

42*93 

18*45 

19*25 

19*08 

+ 0*18 

<100 

513 A 

42*55 

18*17 

18*97 

18*84 

+ 0*13 

<100 

513 B 

42*75 

18*30 

19*10 

18*90 

+ 0*20 

<100 

514 A 

43*41 

18*83 

19*63 

19*52 

+ 0*11 

<100 

Bag material: 

509 51*55 

25*42 

26*22 

26*41 

-0*19 

600 

515 

51*60 

25*45 

26*25 

26*37 

-0*12 

500 

516 

50*61 

24*58 

25*38 

25*38 

0 

500 

517 

49*55 

23*82 

24*62 

24*83 

-0*21 

300 


* AU products examined contain 0*80 % NaCl-rO'38 % tricresol unless otlierwise stated. 
I Total solids by refraetometer wimus total solids bj’’ weight. 

Table VII B. 


Product* 

Refr. reading 
at 17*5° 
(dilution 1 :4) 

Globulin 

(refr.) 

o./ 

/o 

Total solid 
(refr.) 

O,' 

.0 

Total sobd 
(by weight) 
o/ 

/O 

Bift'erenee 

Tetanus ant. Seitz-filtered: 

58 A 42-92 

18*47 

19*27 

19*18 

+ 0*09 

58 B 

42*74 

18*30 

19*10 

19*31 

-0*21 

56 A 

43*15 

18*65 

19*45 

19*12 

+ 0*33 

Repeat 

43*00 

18*52 

19*32 

19*29 

+ 0*03 

57 A 

43*20 

18*68 

19*48 

19*31 

+ 0*17 

60 A 

43*58 

18*97 

19*77 

19*85 

+ 0*08 

60 B 

43*75 

19*10 

19*90 

19*79 

+ 0*11 

Scarlet fever ant. Seitz-filtered : 
116 A 40-26 

16*31 

17*11 

16*86 

+ 0*25 

112 A 

42*37 

18*02 

18*82 

19*00 

-0*18 

Repeat 

42*46 

18*08 

18*88 

(19*00) 

-0*12 

120 A 

39*45 

15*62 

16*42 

16*61 

-0*19 

123 A 

40*30 

16*35 

17*15 

16*91 

+ 0*24 

121 A 

39*75 

15*87 

16*67 

18*81 

-0*14 

tl24 I 

Bag material : 
46*67 

21*47 

21*47 

21*37 

+ 0*10 

Repeat 
1124 II 

46*70 

21*53 

21*53 

(21*37) 

+ 0*16 

48*52 

22*98 

22*98 

22*96 

+ 0*02 

Erj’sipelas ant. Seitz -filtered: 

2 A 42*30 

17*97 

18*77 

18*79 

-0*02 

3 A 

42*78 

18*30 

19*10 

18*94 

+ 0*16 


* All products contain 0'80 % lSfaCl + 0'38 % tricresol unless otherMuse stated, 
f Products free from salt and tricresol. 

refractometric globulin determinations, are, on the average, slightty lower than 
the total solid figures determined by weight. However, the differences (max. = 
— 0“21 %) lie within the limits of experimental error encountered with the total 
solid determinations by w^eight. The refractometric globuHii determinations as 
such show a high degree of accuracy (see repeats in Table VII b). Using cali- 
brated pipettes for preparing the antitoxin dilutions, the refractometric readings 
are reproducible within less than 0*2 division of the refraetometer scale corre- 
sponding to a variation of less than 0-2 % in the globulin figure (see Eig. 1). 
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SUMMAEY. 

1. The refractive properties of globulin solutions containing diphtheria anti 

toxin were iiiTestigated. No distinct differences were found between tbese and 
the refractive properties of normal horse globulin solutions. These fiiidiiio-g were 
confirmed for purified tetanus, scarlet fever and erysipelas antitoxins. 

r j ‘ refractometric method for routine determination of globulins and total 
soMs of purified antitoxins by a single refractometer reading is described. From 
tills refractometer reading the globulin concentration is obtained either bv 
calculation or by using a reference chart. 

Instead of carrying out the determinations at 17-5°, the readings can be 
made at any definite room temperature (17-25°) taking into account the tern- 

perature coefficient of the rofractoiiietric readings. 
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CCXXXVL OXIDATION OF FATTY ACIDS 
IN THE LIVERi. 


By JUDA HIRSCH QUASTEL 
AND ARNOLD HERBERT MAURICE WHEATLEY. 

From the Biochemical Laboratory ^ Cardiff City Mental Hospital. 

{Received September 4th, 1933.) 

Since the classical experiments of Embden, Knoop and Dakin over 25 years 
ago, little work has been carried out on the oxidation of fatty acids in the 
body. This has been due perhaps to the difficulties inherent in perfusion tech- 
nique, The advent of the comparatively modern manometric methods of Earcroft 
and Warburg has made it possible to study fatty acid oxidation, and the various 
factors influencing it, in isolated organs in a strictly quantitative manner. We 
propose to describe in this paper the results of experiments carried out with 
these methods using thin tissue slices, usually not exceeding 20 mg. dry weight. 

Methods. 

Tissue slices about 0-4 mm. thick wm*e prepared from fresh guinea-pig liver ac- 
cording to Warburg’s methods. The slices were bathed in 0*9 % saline for a few’ 
minutes before immersion in the vessels of the manometer. Both the Warburg 
and Earcroft apparatus have been used. The dry weights of the tissue slices 
varied from 8 to 20 mg. 

The medium in which the tissue slices were immersed consisted of T5 cc. 
Locke solution, 1 cc. Jf/45 phosphate bufter solution pjj 7*4 and 0-5 cc. of a 
solution of the fatty acid neutralised with sodium hydroxide (to 7*4). In 
control experiments the solution of the fatt}^ acid w’as replaced 0*9 % saline. 

Air was displaced by oxygen in all experimental vessels as soon as the tissue 
slices had been added to the media in the manometric vessels. CO 2 w^as absorbed 
b}^ rolls of filter-paper, moistened wdth 6 % KOH, contained in the inner tubes 
of the vessels. 

After attainment of temperature equilibrium readings of O 2 uptake "were 
taken every .15 minutes for 3 hours. At the end of this period the slices were 
removed from the vessels, 'washed in distilled w’ater and dried at 105°, after 
which they 'were weighed. The ■ solutions in the vessels 'w^ere investigated either 
qualitatively by colour tests or quantitatively by methods which will be 
described later. 

In determining Qoo ol' ^2 absorbed per mg. dry -wnight tissue per 

hour) the reading over the first 15 minutes w’as usually neglected, and the 
average oxygen uptake w^as calculated over the remaining period of the 
experinient. 

Ill aU experiments described in this paper guinea-pig liver was used. The 
animals were mostly young (about 11 oz. weight) and w^ell fed (bran, oats and 
greens). The animal w^as well bled before the liver was removed. Tissue slices 
were taken usually within 15 minutes of the death of the animal. 

^ Tlie substance of this note was read before the Third^International Congress for Cytology in 
August, 1932. 


1754 


J. H. QUASTEL AND A. H. M. WHEATLEY 



Oxidation of fatty acids etc. by the liver. 

Representative values of the respiration of guinea-pig liver and of the de- 
velopment of acetone or acetoacetie acid (as indicated by the nitroprusside 
reaction), in the presence of the first eight members of the fatty acid series are 
shown in Table I. The 2nd and 3rd columns of this Table give the for an 


Table I. Oxidation of fatty acids etc. by guinea-pig liver. Initial pg=7.^. 


Substrate 

Qoo. 

0*0r7i¥ 

Nitroprusside 

reaction 

Q02 

0 * 067 ^ 

Nitroprusside 

reaction 

None 

4*5 

Nil 



Formic acid 

4*2 

Nil 


0 

Acetic acid 

7*4 

+ -f -f 

5*5 

-i- 4 -, 

Propionic acid 

10*0 

Nil 

7*0 

i ^ 

Nil 

Butyric acid 

12*0 

+ -T — 1 - 4 - 

10*0 

4 ! L ' 

'».'Valeric acid 

12*S 

Trace 

12*2 

Tr£icG 

?i-Hexoic acid 
«.-Heptoie acid 

13*6 

13*8 

-r -f “T -f 

5*0 

2*8 

-* 1 *" 

Nil 

'i2.-Octoic acid 

13*0 


2*8 

Nil 

Crotonic acid 

8*2 

4 - 4. 4. 

8*2 


/ts'ocrotonic acid 



7*6 

-r -f -i- + 

+ + + -I- 

Lactic acid 

6*5 




Pyruvic acid 

5*0 

+ 


• 

Glucose 

4*3 

Nil 


* 

Glycerol 

5*2 

Nil 




initial concentration of 0-017 Jf, and comparative estimates of the intensities 
of the nitroprusside reaction yielded by the substrates at this concentration; 
r n colunms give the Qo.Jov an initial concentration of substrate 

01 O-Ob t M and comparative estimates of the nitroprusside reactions yielded at 
tins concentration. 

The normal of guinea-pig Hver {i.e. in the absence of any added sub- 
strate) IS given as 4-5. This is an average of 25 observations, the limits of varia- 
tion being 2-7 and 6-0. The remainnig figures quoted in Table I are represen- 

tative 01 the results of at least three experiments. 

The following facts are of note. 

(1) All fatty acids with the exception of formic acid increase markedly the 
respiration of liver. Acetic acid has the least effect. 

(2) There exists an optimum concentration for each fattv acid, above which 
any increase m concentration leads to a faU in and also to the development 
ot acetone bod^ies, as mchcated by the nitroprusside reaction. This is particularly 
noticeable with higher members of the series. Table II shows the variation of 
¥o. 2 with concentration of butyric acid. 


Table IL Oxidation of butyric acid by guinea-pig liver. 

Variation of with concentration of fatty arid. 


^02 

Lwer alone 4.5 

-J- butyric acid 0-00 1 7 i¥ 6-6 

„ 0*0035 ilf 1 1-0 

+ „ 0*0170i¥ 12-0 

+ » 0*0670 i¥ 10*0 


The rate of Og uptake by liver in the absence of 
constant after about the first 30 minutes. 


added substrates becomes 



^2 

after 90 mins. 


^02 

after 120 mins. 
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Similarly in the presence of fatty acids at the initial concentration of 0-017 M 
the rate of O 2 uptake is linear. With fatty acids at higher concentrations theie 
is a.oonsiderable departure from linearity, this becommg particularly obsei^ able 
with l^-hexoio and higher fatty acids. In Table III are recorded the rates of 

Table III. Bate of O 2 uptake by guinea-pig liver in presence of 

fatty acids 0‘067M, Initial p^=7*4. 

q.q Qo‘> Qoct Q02 

Patty acid after SO mins. after 60 mins. after 90 mins. after 120 mins. 

Control (no fatty acid added) 6-6 4*7 

%-Valeric 1^*7 ^ o o 

.^.H6xoic 9-8 6-3 4*4 

%-Heptoic 7-0 3-5 2 

respiration of guinea-pig liver, alone and in the presence of w-valerie «-hexoic 
and «-heptoic acids, at particular periods during the experiment. Thus with 
valeric acid the rate of respiration (Q,y) after 60 mmutes was 13-0 and had 
only fallen to 12-2 after 120 minutes. With w-hexoic acid, however, the rate oi 
respiration was 6-3 after 60 minutes and had fallen to 3-8 after 120 minutes. 

The existence of an optimum concentration for each faty a.cid for maximum 
respiration, and the departure from the linear rate of respiration of hver in the 
presence of relatively high concentrations of the higher fatty acids, are probably 
to be attributed to increased surface adsorption of the fatty acid leadmg to an 
interference with the access of oxygen or of an oxygen carrier. ^ 

(3) All the fatty acids with an even number of carbon atoms, iiiclucling 
acetic acid, give rise to comparatively large quantities of acetone (or acetoacetic 
acid). Those fatty acids with an odd number of carbon atoms give rise 

or no acetone (or acetoacetic acid). This result is in complete accord with le 

results of early perfusion experiments. ^ . -i 

(4) Both the unsaturated acids, crotonic and isocTotonio acids, are vigo- 
rously oxidised with the production of acetone (or acetoacetic acid) . ^ 

(5) Glucose appears not to be oxidised by liver and not to give any increase in 
respiration [see also Dickens and GreviUe, 1933]. Lactic acid defhiitely increases 
the Qo, [see Dickens and Simer, 1930]— so do pjnmvic acid and glycerol, but 
none of these substances leads to so great an increase in respnation as the tatty 
acids at equivalent concentrations. Of all substances so far investiga ec lo 
fatty acids appear to be the most vigorously attacked. 

Oxidation of butyric acid by the liver. 

The question arose as to how far but^mic acid suffered oxidation in the liver. 

This problem was investigated ill the foILo whig ways. . r . • 

(a) Determinations were made of the increased CO 2 output by the iivei in 
presence of butyric acid. 

(b) Estimates were made of the yield of acetoacetic acid and acetone pio- 

duced by butyric acid in liver. ^ r • • 

1. CO3 output by liver in presence of butyric acid. O 2 uptakes 01 guinea-pig 
liver alone and in the presence of butyric acid 0*017if were determined in a 
bicarbonate-piiosphate-Locke medium of the followhig composition. 1 5 cc. 
Locke solution, 0*25 cc., phosphate buffer Jf/15 p-^ 7*4, 0*47 cc. sodium bicar- 
bonate solution 0*16 if, 0*28 cc. salhie. To this was added sodium 
solution to make a total volume of 3 cc. Air was displaced by an O 2 + 5 % GO 2 
mixture and determinations of changes of volume were obtained using a Barcroit 
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differential manometer. No KOH was placed in the inner tubes of the mano- 

meter vessels. 

The changes of volume obtained were the differences between 0, absorbed 
and CO 2 produced and could be compared with experiments carried out under 
similar conditions but where provision was made to absorb all C0„ produced 
In such experiments the bicarbonate was replaced by Locke solution, the 
O 2 -CO 2 mixture by O 2 , and KOH was placed in the inner tubes of the 
vessels. 

In a number of such experiments it was shown that little or no extra CO., 
was produced by the combustion of butyric acid in liver. A typical result is 
shown in Table IV, the increase in due to butyric acid being 5-7 and the 


Guinea-pig liver 


Table IV. 

-biitjuic acid 0-017 J/ 

Increase 


Qo^ 

4-2 

9-9 


Qc02 

3- 7 

4- 0 

0-3 


Guinea-pig liver 
+ 

butyric acid 0-017 4/ 


Exp. 


Exp. 


^02 

9-4 

9-9 

13-3 

13-3 


^acetone bodie.s ^acetoacetic acid 

(iodo.form (aniline 

method) method) 


Increase in due to 
butyric acid 

4-4 

8-7 


2-8 

4-2 


^acetoacetic acid 
2-0 
4-2 


2-0 

4-2 


only^0*3 “ (mm.* COg produced per hour per mg. dry weight of tissue) 

^ There is thus reason to believe that although a vigorous oxidation of butyric 
acid occurs in the hver this does not result in an extensive breakdown to CO.,, 
resumably, therefore, if aeetoaeetic acid is a product of oxidation of but\Tic 
“ot break down markedly in this organ to acetone and 
OU 2 . Ihis conclusion can be put to the test by dii-eot analysis. 

2. Eshmaticms of metone and aeetoaeetic acid. Two methods have been em- 
ployed. 

(a) Iodoform method. In this method 2-5 cc. of the solution containing the 
acedoiie bodms were placed in a large boiling-tube contained in a water-bath 
and 1 cc. A HabO^ was added. Air was led through the solution into a large tube 
contaimng 5 cc. 5A NaOH and 5 cc. iV/20 iodine solution. The water in the 
bath was brought to the boil, air being drawn slowly through the solution 
containing the acetone bodies into the alkaline iodine solution. In usually 
^0-46 minutes all the acetone (together with that contained in the aeetoaeetic 
acid) bad been taken over into the iodine solution, less than 0-5 ce. liquid re- 
mainurg in the tube in the w-ater-bath. The alkaline iodine solution, containing 
an iodoform precipitate, was carefully neutrahsed (at 0°) and the liberated iodine 
titrated with ^720 sodium thiosulphate solution. This method was found to be 
accurate only for quantities of acetone corresponding to 1 cc. or less of A/20 
iodine solution. It does not of course differentiate between any volatile com- 
pounds which can combine with iodine in alkaline solution 
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(6) Aniline hydrochloride method. This method is identical in principle with 
that recently used Krebs [1933] and by Postern [1933] in the estimation of 
oxaloacetic acid. It differs somewhat in detail from that of these workers. The 
method depends upon the fact that one molecule of acetoacetic acid is broken 
down ill presence of aniline to ^deld one molecule of COg which can be estimated 
iiianometrically. We have adopted the following procedure. 

2-5 cc. of the solution containing acetoacetic acid are placed in the left-hand vessel of a 
Barcroft manometer and to this is added 1 cc. i¥/5 acetate buffer _pj.i 3*8. A small cup, con- 
taining 0-1 g. aniline hydrochloride, is hung by means of a platinum hook on the inner tube of 
the Barcroft vessel. In the right-hand vessel are placed 2*5 cc. saline together with 1 cc. ilf'/o 
acetate buffer 3-8. The manometer is placed in a bath at 37° and allowed to shake at the usual 
rate for 10 minutes after which the taps are closed and the manometer again allowed to shake. 
Usualty no change in the manometer levels occurs within 10-15 minutes, showing little or no 
spontaneous breakdown of acetoacetic acid under these conditions. The cuj) containing the aniline 
hydrochloride is displaced bj;' a sharp shake of the manometer and in a few minutes there is 
rapid change in the manometer levels as the aniline reacts with the acetoacetic acid. Keadings 
are taken every 5 minutes. The reaction appears to be complete in 30 minutes but we usually 
take readings for a further 30 minutes. We have not dealt with quantities of acetoacetic acid 
appreciably greater than that corresponding to an evolution of 250 mm.^ CO 2 . 

This method, which is quick and gives reproducible results, estimates acetoacetic acid 
and not acetone or acetaldehyde. Were oxaloacetic acid present in small ciuaiitity it would be, 
in all probability, fully decomposed under these experimental conditions before the aniline 
hydrochloride was added [see Postern, 1933]. 

The acetone bodies, estimated either by the iodoform method or b}^ the 
aniline hydrochloride method, are calculated in terms of mm.^ produced per mg. 
dry weight of tissue per hour, and are thus given in units directly comparable 
with the Representative results are showm in Table IV. Taking two experi- 
ments in which respirations of guinea-pig liver in presence of sodium butyrate 
0*017 M were identical, Oacetone bodies (iodoform method) proved to be identical wdth 
Oacetoaeetic acid (aiiiline method). This indicates that no appreciable quantities of 
acetone or acetaldehyT-de are formed in the combustion of butyric acid by liver ; 
otherwise the '""ould be greater than • 

If biitjuic acid is burned compiletely to acetoacetic acid it W' ould be expected 
that the 6acetoa.cetic acid wolild be equal to the increase in due to the butyric 
acid. This does not appear to be the case. Two typical results are showm in 
Table IV where it will be seen that the Gacetoaoetie acM about half the value of 
the increase in . 

It w^as conceivable that some of the butyric acid w^as oxidised to succinic 
acid, which would then be rapidly oxidised by liver to Z-maJic acid. The latter 
is only very slowly oxidised by liver and it would be anticipated that ^-malic 
acid would accumulate and be observable polarimetricalty if succinic acid wmre 
formed. Polarimetric examinations, however, gave negative results, so that it 
must be concluded that oxidation of butyric acid to succinic and Amalie acids 
does not take place to any marked extent in the hver. 

It is more likety that the extra oxygen taken up, and not accounted for b}^- the 
acetoacetic aedd, is to be found in j6-hy^droxy butyric acid, which W'e have not 
ymt estimated. It has been shown by Snapper and Griinbaum [1927, 1, 2] in 
perfusion experiments that liver has a marked reducing action on acetoacetic 
acid. These writers have also shown, by perfusion experiments, that the power 
of surviving liver to break down acetoacetic acid is small, a conclusion with 
which the results given above are in agreement. 
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The action of prof ionic acid on the oxidation of butyric acid in the liver. 

It was shown, ill Table I, that propionic acid is oxidised by guinea-pig liver 
but that it does not give rise to acetoacetic acid. 

If propionic acid be added to butyric acid, the formation of acetoacetic acid 
the latter in presence of liver is markedly reduced, though there is little 
change in the uptake of oxygen. Typical results are shown in Table V, The 

Table V. E^ffect of propionic acid on oxidation of butyric acid by liver. 

^acetoacetic acid 

4*2 
3-6 
1-8 
0-7 

addition of propionic acid to butjcric acid at equivalent concentrations (0-017 Jf) 
lowers the ^acetoacetic acid %• If IS Very likely that the effect of propionic 

acid is due to simple competition with biit3wic acid for the active surfaces 
involved in fatty acid oxidation. Another explanation, however, may be that 
propionic acid is converted in the Hver into lactic acid or glucose which, according 
to clinical observation, exert antiketogenic effects. 

This conception was put to the test by examining the effects of glucose and 
lactic acid on the acetoacetic acid production from butAuic acid. 

Effects of glucose and lactic acid 07i the oxidation of butyric acid in the liver. 

According to current conceptions the production of acetoacetic acid re- 
presents an incomplete oxidation of butyric acid; in presence of glucose the 
oxidation of the fatty acid should be increased and the production of acetoacetic 
acid decreased. Experiment (see Table VI) shows no effect, within experimental 

Table VI. Effects of antiIcetoge7iic substafices on oxidation of 
butyric acid by liver. 


Glucose: 



Q02 

^acetoacetic acid 

Liver + butyric acid 

0-017df 


9-9 

2-5 

SJ 


glucose 0-017 Jf 

9-9 

2-8 

Liver + butyric acid 

0-00171/ 


6-6 

+ H — j — f- 



■f glucose 0-017 Jf 

6-9 

+ + + -h 

Liver + crotonic acid 0-017 M 


7-1 

_j- _j_ _j_ 



-1- glucose 0-017 Jf 

6-7 

+ -f -h -f 

Lactic acid: 



Liver + butyric acid 

0-017 i¥ 


10-0 

1-9 


+ lactic 0-017 Jf 

10-8 

1-7 


^02 

Liver + butyric acid 0-017 13-3 

„ -r propionic acid 0-0017 if 14-3 

„ -f „ 0-01 if 15-6 

„ + „ 0-017 If 14-7 


error, of glucose or of lactic acid at the concentrations used, on of liver 
in the presence of butyric acid or of crotonic acid, or on the acetoacetic acid 
production from these substances. 

The effect of glucose, therefore, as observed clinically, cannot be due to this 
substance per se in the liver. There is certainly no evidence under these physio- 
logical conditions that glucose combines with or removes acetoacetic acid; 
compare also the results of Wigglesworth [1924], who arrived at a similar 
conclusion. 
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Effect of glycogen on oxidation of butyric acid in the Uver, 

On testing glycogen^, however, a different picture presents itself. Gtycogeii 
(see Table VII) brings about a marked decrease in the production of acetoacetic 



Table VII. Effect of glycogen on oxidations of liver. 




Q 02 

^acetoacetie acid 

Liver + butyric acid 

0-017 Jf 

9-9 

2-5 

-i- glycogen (0-5 %) 

7-0 

1-0 

Liver + butyric acid 

o 

6 

9-9 

2-8 

}} 

+ glycogen (0*27 %) 

7-S 

1-8 

Liver + crotonic acid 0-017 31 

9-5 

3-1 


+ glycogen (0-25 %) 

7-8 

1-8 

Liver + %-hexoic acid 0-017 31 

12-4 

3-0 

95 

+ glycogen (0-5 %) 

7-S 

1-6 


acid, but, contrar}^ to current ideas, no increased combustion of the fatty acid. 
There is in fact a definite decrease in the in the presence of glycogen. This 
occurs with cro tonic acid as well as with butyiic acid. The results would be 
consistent with the hypothesis that glycogen induces a ''sparing’’ of fat oxida> 
tion, in a sense similar to protein sparing, but further experiment will be 
necessary to establish this. The investigation so far does not support the con- 
ception that the presence of carbohydrate stimulates or completes fatty acid 
oxidation in the liver. 


Effects of increased phosphate concentration on the oxidation of 
butyric acid in the liver. 

As stated earlier the oxidation of but^^ric acid is carried out in a Locke - 
phosphate buffer solution, the phosphate buffer being Jf/45 (pg 7*4). On in- 
creasing the latter concentration to Jf/15 (pjj 7-4), a marked fall occurs in 
and acetoacetic acid production. Typical results are shown in Table VIII. This 


Table VIII. Effect of increase in phosphate concentration on 
butyric acid oxidation. 



Phosphate 

concentration 


^acetoacetic acid 

Liver alone 

if/45 

4-8 

0-20 

,, -r butyric acid 0-017 if 

10-0 

2-00 

Liver alone 

if/15 

55 

2-0 

0-10 

1 „ -[-butyric acid 0-01 7 if' 

4-3 

0-73 


result is not due to any marked change in pj^ . It seemed possible that the effect 
of the relatively high concentration of phosphate was due to removal of calcium 
ions from the medium and to an alteration of the ionic balance as a whole. To 
test this, phosphate buffer was replaced by sodium glycerophosphate^ solution 
brought to pjj 7-4. Such a solution acts as a very good buffer at this pjj. It 
was found that both Jf/45 and ilf/15 glycerophosphate Locke media resulted in 
the production of the normal figures for ©acetoacetic acid Table IX). 

^ The glycogen used was a commercial (B.D.H.) sample. 

^ A commercial (B.D.H.) sample. 
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Liver alone 

„ -f butyric acid (0-017 if) 
„ alone 

55 +bntyric acid (0‘017if) 


Table IX. 

Cone, of 

glycerophosphate 

if/45 


^acetoiieetic ae 
0-10 

3- 61 

0*10 

4- 31 


Increase of glycerophosphate concentration did not result in a fall of 

Ol of ^ac-etoacetie aeiti 5 there was evidence rather of a small increase in these values! 

Using Jf/lo sodium glycerophosphate 7*4) as buffer, replacement of 
Locke solution by saline resulted in a decided fall in and acetoacetic acid 
production (Table X). 

Table X. 


Liver alone 

55 4- butynic acid 0-017 if 

55 alone 

,5 -1- butyric acid 0-017 if 


Locke sol. present 
Saline present 


Nitropnisside 

reaction 


These results indicate the importance either of calcium ions, or of a proper 
balance of ions involving calcium, for the effective oxidation of butjTic acid in 
the liver. The inhibitory effects of increased concentrations of phosphate ions 
may be due to removal of free calcium ions, though it is also possible that 
phosphates themselves may play a definite role in the mechanisms which 
regulate fatty acid oxidation. 

Comparison of liver, brain and Mdney. 

The effects of liver, brain and kidney on butyric and crotonic acid oxidation 
were compared using the tissue slice method. Typical results are shown in 
Table XI. 

Table XI. 


Minced liver 

+ butyric acid 0- 0 1 7 ilf 

Qoo, 

2-1 

Nitropnisside 

reaction 

Nil 

Nil 

jj 

2-7 

jj 

+ crotonic acid 0-017 if 

2-6 

Nil 

Intact liver slices 

4-5 

Nil 

9? 

+ butyric acid 0-017 if 

12-0 

-j- _{_ _j_ 

99 

+ crotonic acid 0-017 Jf 

8-2 

_|_ _j_ 4_ 

Brain (slices) 


3-1 

Nil 


+ butyric acid 0-017 Jf 

3-0 

Nil 


+ crotonic acid 0-017 Jf 

2-0 

Nil 

Kidney (slices) 


12-2 

Nil 

?? 

-f butyric acid 0-017 Jf 

21-3 

Trace 


~r crotonic acid 0-017 Jf 

20-3 

Trace 


Brain cannot oxidise butArric or crotonic acid ; kidney oxidises both these 
substances but produces little or no acetone or acetoacetic acid (a result in 
confirmation of the work of Snapper and Griinbaum [1927, 2]). It is easy to 
show that in contrast to the liver, kidney rapidly breaks down acetoacetic acid 
but tlie nieciianisiu of this decomposition has stiff to be discovered. 
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Effects of minced liver. 

Minced liver has practically no power to oxidise butyric or crotoiiie acid 
(Table XI). It was ‘Tiiiiiced” by squeezing the liver through a sieve of 1 mm, 
mesh. No obvious damage to the individual cells had occurred. Yet this 
rupture of the cell organisation as a whole had destroyed the ability of the organ 
to accomplish one of its most active metaboHc processes. In this sense liver 
offers a distinct contrast to brain. This organ (again in contrast to the liver) 
oxidises glucose freety, and minced or chopped brain is also veiy effective 
[Quastel and Wheatle^^, 1932]. It is apparent that with fatty acid oxidation, 
ill the liver a number of regulating factors a,re concerned, one at least of which 
( ? a CO -enzyme) depends for its stability or effectiveness on the integrit}'^ of the 
cell organisation as a whole. 

Summary. 


1. A study has been made of the oxidation of fatty acids by guinea-pig 
liver using the Warburg tissue slice method. The following results have been 
obtained. 

{a) All fatty acids excluding formic acid increase markedly the respiration 
of liver ; acetic acid has the least effect. 

{b) An optimum concentration for each fatty acid exists, above which any 
increase in concentration leads to a fall in and the production of acetone 
bodies. The rate of O 2 uptake is constant except with relatively high concentra- 
tions of the higher fatty acids, when the rate of O 2 uptake falls off rapid,ly. 

(c) In agreement with the results of perfusion experiments, ail fatty acids 
with an even number of C atoms (including acetic acid) give rise to acetone 
(acetoacetic acid) production. Those fatty acids with an odd number of C atoms 
produce little or no acetone bodies. 

(d) T.he unsaturated acids, crotonic and ^«socrotollic acids, are vigorously 
oxidised to give rise to acetoacetic acid. 

(e) The fatty acids are more vigorously attacked, for equivalent concen- 
trations, than lactic acid, pyruvic acid or glycerol. 

2. A manometric method of estimating acetoacetic acid is described. 

3. Acetoacetic acid is not broken down appreciably to acetone and CO 2 in the 
liver ; it is apparently the final oxidation product of butyric acid in this organ. 

4. The addition of propionic acid to butyric acid in presence of liver lowers 
^acetoacetic acid (mm.^ acetoacetic acid produced per hour per mg. dry weight of 
tissue) without affecting markedly the (mm.^ O 2 absorbed per hour per 
mg. dry weight of tissue). 

5. Neither glucose nor lactic acid affects the (9o.> ^^acetoacetic tun.i observed 
for butyric acid in presence of liver. There is no eviclence that glucose, 
combines with or removes acetoacetic acid under the conditions of these 
experiments. 

6. Glycogen reduces the and <?acetoacetic add due to butyric acid. 

7. Increase of phosphate concentration reduces ^acetoacetic add ? 

possibly by removing free Ca ions. Phosphate buffer may be effectively re- 
placed by glycerophosphate buffer; increase in concentration of this does not 
lead toty fall in or ^acetoacetic add- Replacement of Locke solution by saline 
results ill a diminished oxidation of butyric acid by liver. 

8. Brain slices do not oxidise butyric or crotonic acid; kidney slices oxidise 
butyric and crotonic acids but little or no acetone or acetoacetic acid is formed. 

9. Minced Mver cannot oxidise fatty acids. 
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CCXXXVIL THE DETERMINATION OF 
BROMINE IN BLOOD. 


By EDMUND DENYS YATES. 

From the Biochemical Laboratory^ Cardiff City Mental Hospital. 

{Received October 31st, 1933.) 

The suggested significance of blood-bromine concentration for tlie diagnosis of 
the ps^T-ehoses, particularly of the manic-depressive type [Zondek and Bier, 
1932; 1933; Sacristan and Peralta, 1933], has resulted in much research to 
obtain a reliable method of blood- bromine estimation [Pincussen and Roman, 
1929 ; Pincussen, 1932; Bier and Roman, 1933; Moller, 1932; Behr et al, 1930; 
Toxopeus and Van Esvelt, 1930]. The method due to Roman, which has been 
widely used, has been subjected to some technical criticism [Fleisclihacker 
and Scheiderer, 1933; Hahn, 1933; Holtz and Roggenbau, 1933], and while 
several accurate methods for the micro-estimation of bromide in the presence 
of excess chloride have been described [Bobtelsky and Rososkaja-Roseinskaja, 
1931; Baitschikov, 1931; Hartner, 1933; Bertram, 1933], no simple method for 
accurate estimation of bromine in blood seems to be available. 

The following method has been elaborated as the result of more than 300 
blood estimations, and has been found to give reliable and consistent results. 

Protein is first removed by precipitation with tungstic acid. An aliquot 
portion of the filtrate is treated with potassium hydroxide, evaporated to 
dryness, and heated at 500° for 20 minutes in a nickel crucible. The extract is 
acidified and the bromide oxidised to bromine by a chromic-sulphuric acid 
mixture. This is in such concentration that, while chloride remains uiioxidised, 
bromide oxidation is complete [Bobtelsky and Rososkaja-Roseinskaja, 1931; 
Evans, 1931]. Bromine is removed by aeration and absorbed in starch-iodide 
solution. The iodine liberated is titrated with Y/1000 sodium thiosulphate from 
a niicroburette [Pincussen and Roman, 1929]. 

Apparatus. 

The aeration apparatus is similar to that of Hartner [1933] and consists of 
a 100 cc. conical flask fitted with a two-holed rubber stopper. This carries a 
tube reaching down to the bottom corner of the flask and drawn out shghtly 
at the end. Maximum aeration of the solution in the flask is thus ensured, when 
the latter is inclined at an angle of 60°, while smaU particles of solution are not 
carried over into the exit tube. The generation of carbon dioxide in situ by 
bicarbonate-acid mixtures, as suggested by Hartner, has been found unnecessary. 

The rubber stopper also carries a short glass tube bent at right-angles and 
connected to a small bubbler. The bubbler used by the author consists of a 
small test-tube (10 cm. x 1 cm.), fitted with a rubber bung carrying an exit tube, 
and an inlet tube drawn out to a V-neck capillary at the bottom, A distance 
of not more than 2 mm. separates the bottom of this tube and that of the 
test-tube. 
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Reagents required. 

Solution Ko. 1. 10 % sodium tungstate. 

Solution No. 2. 2/3 N sulphuric acid. 

Solution No. 3. Concentrated sulphuric acid (36iV). 

Solution No. 4. 20 g. of chromic oxide and 40 cc. of concentrated sulphuric 
acid ill 120 cc. of distilled water. 

Solution No. 5. 10 % potassium iodide solution. 

Solution No. 6. 0*5 % starch solution made according to the dhections of 
Nichols [1929]. 

Procedure, 

A. Treatment of blood. Measure 5 cc. of oxalated blood into a 125 cc. conical 
beaker add 35 cc. of distilled water and allow the iiiixtiire to lyse for | hour. 

Add 5 cc. of 10 % sodium tungstate solution, mix, and then slowly and with 
shaking add 5 cc. of 2/3 N H2SO4. Stand for 10 minutes. 

Transfer the bulk of the chocolate- brown mixture to a centrifuge -tube and 
spin at 3000 r.p.m. for 15 minutes. 

Pour oil the supernatant liquid through a cotton-wool filter into a measuring 
cylinder. Place 35 cc. of the protein-free filtrate in a 100 cc. nickel crucible with 
1 cc. of 25 % KOH (bromide-free) and evaporate to dryness on a boiling water- 
bath (1 hour). 

Heat the crucible in an electric oven at 500° for 20 minutes. 

Dissolve the white residue in 3 cc. of water and pour into a 100 cc. conical 
flask. Wash out the crucible with twn further 2 cc. portions of distilled water, 
making the total volume in the flask equal to 7 cc. ( ±0-1 cc.). Cool to 18° and 
then proceed as follows. 

B. Estimation of bromine. Add slowly down the sides of the flask, with 
shaking and strong cooling under the tap, 2-5 cc. of cone. H2SO4. At least 
10 minutes should be taken for this procedure, and the first two drops, causing 
evolution of carbon dioxide, must be carefulty added in order to prevent losses 
of hydrogen bromide in the gas evolved. 

Now add to the cold solution (18°) 4 cc. of the chromic-sulphuric acid solu- 
tion. Allow the solution to run all over the sides of the flask, quickly wipe the 
top of the flask, and then connect up to the aeration apparatus. 

This latter should contain 1 cc. of KI solution and 4 drops of starch solution. 

Aerate for about 2 hours with a steady stream of air (about 30 cc. per 
minute). Renew the absorption tube, and continue aeration for a further 
3 hours. 

Titrate the iodine liberated in these tubes with A^/1000 thiosulphate. 

Remarks concerning technique. (Tlie following remarks concern the details given in the 
paragraphs above.) 

1. Treatment of blood. Lithium oxalate is usually free from bromide and causes no inter- 
ference with the estimation. 

If the lysed solution is allowed to stand for long periods, some loss of bromine occurs. 


Table I. V ariation of bromine (y) found ■with time of lysis. 

Time of lysis 


Exp. 

10 mins. 

J hour 

1 hour 

24 hours 

6 days 

( 0 ) 

— 

86 

— 

70 

— 

(b) 

— 

150 

— 

— 

94 

(c) 

284 

340 

343 

— 

— 
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Tliis is ill accordance with the findings of Hastings and Van Dyke [1931] and Woodiiouse 
and Pickwortli [1932]. 

Losses occur if sufficient time is not given for the displacement of bromide from protein 
combination. 

Considerable losses are found if the evaporated filtrate is not heated at 500°. All carbonaceous 
and nitrogenous matter is thus removed. Some representative figures are given helov'. 

Table II. Variation of bromine (y) found with and without heating. 

With heating 293 40 265 42 38 

Without heating 41 14 94 39 10 

The loss of titre found without heating is probably due to a loose combination between the 
bromine generated during oxidation and an imsaturated substance in blood. 

Cyanides are formed by moderate heating and these interfere with the reaction by the 
formation of bromo cyanides [Lang, 1925]. 

Although, as Bobtelsky [1930] has siioivn, magnesium and manganese exert a catalytic effect 
upon the reaction when present in large concentrations, the small amounts present in normal 
blood cause no catalysis of chloride oxidation Avith the chromic acid mixture used. 

2. Estimation of bromide. The starch-iodide solution used for absorption is such that, Avhile 
no iodine is carried OAmr in the air stream, the blue colour Avliich develops still remains in the 
presence of 04y of iodine. 

The time taken for the complete removal of bromine from the solution depends on the rate 
of aeration, but Avill also be limited by the rate of oxidation, Avhich is slow AAuth small concentra- 
tions of bromide. Large amounts may be estimated quite accurately using as short a time 
as 10 minutes [Hibbard, 1926]. For small amounts of less than 50y (ly is equivalent to 0‘012 cc. 
of iV/1000 thiosulphate), a longer time up to 5 hours is necessary [compare Bobtelsky and 
Eososkaja-Roseinskaja, 1931], Some results of the author are giAmn here for comparatiA^e purposes. 

Table III. Variatiofi of bromide (y) found ivith time of aeration. 

(Figures in cc. N/IOOO thiosulphate.) 


Titre in 1 hour 

14-74 

8-52 

6-95 

3-31 

1-17 

0-25 

0-08 

Titre in 5 hours 

15-37 

9-00 

7-10 

3-43 

1-35 

0-38 

0-09 

Theoretical titre 

15-35 

9-02 

7-15 

3-45 

1-36 

0-38 

0-10 


Recovery of added bromide. 

Some figures for the recovery of potassium bromide added at various stages in 
the estimation are given below. 

Table IV. 

Added to tungstic Added after 

Added to Avhole blood acid filtrate ignition 


Blood 

value 

Added 

A 

Recovered 

Blood 

value 

Added 

Recovered 

r 

Added 

Recovered 

r 

y 

y 

y 

y 

y 

y 

y 

27 

20 

17 

38 

50 

47 

10 

9 

27 

50 

50 

950 

60 

57 

50 

49 

186 

100 

105 

25 

240 

238 

70 

68 

950 

100 

98 

— 

, — 

— 

1470 

1465 

950 

60 

54 

— 

— 

— 

— 

— 


Chitical disctjssioh. 

A. Initial treatment of blood. 

The methods for the preliminary treatment of blood for bromide estimation 
hitherto recommended, have usually involved an ashing process lasting several 
hours (compare^ however, Hastings and Van Dyke [1931]). 
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Ignition method. The experience of many authors with iodide estimation 
indicates that some ioss occurs with open ashing, even wdien the temperature 
is carefully regulated, and the alkali is present in some excess [Orr and Leitcli, 

1931 ; Reith, 1930; Allott et al., 1932]. As a result closed combustion has been 
recommended [Schwaibold and Harder, 1931; Widmann, 1932]. This loss does 
not appear to take place in bromide estimations [Bier and Roman, 1933], 
although little systematic work has been published. Pincussen and Roman 
recommend a temperature of 460-475° in the presence of 2 cc. of 50 % KOH. 

The blood-extract after ignition has a pale yellow colour which is not removed 
completely either by charcoal [Bier and Roman, 1933], or barium sulphate i 

[Turner, 1930], and is probably to be attributed to small particles of carbon in 
a colloidal or semicolloidal state. Prolonged ignition moreover does not remove 
the colour but causes loss of bromide. Using this method, the author has found 
that added bromide is not quantitatively recovered from blood when the former ^ 

is estimated by the chromic acid method described above. 


Table V. Recovery of bromide (y) from ignited blood-extracts. 


Bromide in blood alone 

76 

43 

198 

125 

Bromide in blood 4- 50y Br- 

no 

92 

242 

170 

Recovery of bromide 

34 

49 

44 

45 


The effect is not due to a reduction in the oxidation potential of the chromic 
acid mixture by the blood-salts present, nor was any considerable loss observed 
b^?' using nickel crucibles instead of platinum [compare Belli* et al., 1930; 
Turner, 1930]. 

Table VI. Effect of type of ignition vessel {mg. Br^ per 100 cc.). 

Platinum 0-54- 0-97 2*00 0*98 0-26 5-16 0*79 

Nickel 0-52 0*93 1-83 0-98 0-27 4-82 0-77 

The losses may possiblj^ be due to the adsorption of bromine ions from the 
strongly acid oxidation mixture by carbon particles [compare Tezler, 1926]. 

The relatively low values for blood-bromine usually obtained by the ignition 
method become more apparent when compared -with those obtained by the 
precipitation technique described below\ 

Table VH, Comparison of ignition and precipitation methods 
for blood-bromide {mg. per 100 cc.). 

Ignition ill platinum vessel 0-52 0-14 1*85 0-98 12-10 

Precipitation with tungstic acid 0-60 0-18 2-13 0-92 12-72 

Precipitation method. The j)reliminary treatment of blood by the Folin-Wu 
method (precipitation with tungstic acid) involves certain approximations. It is 
assumed that the bromine present distributes itself equally between the protein 
precipitate and the aqueous filtrate. The observation of Pincussen [1929] that 
1/8 of the bromine in normal blood is in the state of a non-diffiisible organic 
compound [compare also Guillaumin and Merejkowsky, 1933], suggests that 
relatively large quantities of bromine may be present preferentially in the 
protein precipitate, as found with blood-iodine. All the evidence, however, 
indicates that any organic bromine compound, if present, is readily decomposed 
either by mild acid or alkali. 

Large concentrations of bromide appear to be distributed equally between 
precipitate and filtrate, and Hastings and Van Dyke [1931], using a modified 
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Folin-Wu technique, have been able to recover bromide quantitatively (to 

within 0*02 mg. Br) from serum and cells on this assumption. 

The author has investigated the distribution of the much smaller amounts 
of bromine present in normal blood and finds a similar equality of distribution. 
The bromine content found by taking a known volume of filtrate is in close 
agreement with that found after washing the protein precipitate with successive 
lots of 50 cc. of water. 



Table VIII. Bromide (y) recovered by washing the precipitate. 


Br found in 

Br found in 

Br found in 


Total Br calc. 

blood-filtrate 

first washing 

second washing 

Total Br 

from that found 

(voL 75/100 cc.) 

of ppt. 

of ppt. 

found 

in blood-filtrate 

56 

14 

4 

74 

75 

47 

9 

— 

56 

63 

45 

9 

3 

58 

60 

80 

15 

— 

95 

107 

183 

60 

10 

253 

257 


Estimation of bromine in the precipitate by the ignition method gives 
similar results. 

1 . Bromine found in blood-filtrate ... ... . . » 393 y 

2. Total bromine found b}^ ignition 493 y 

3. Total bromine calc, from (1) ... ... ... ... 524 y 

4. Bromine found in precipitate (ignition) ... ... 118y 

5. Bromine in ppt. calc, from ( 1 ) ... 131y 

It is clear that the water-extractable bromine is distributed fairly evenly 
between the precipitate and filtrate and this is perhaxDS to be expected in view 
of the almost complete dissociatioil of protein salts in dilute solutions [Lewis, 
1931], and the large effect of neutral salts in reducing any tendency for the 
establishment of a Donnan equilibrium [Bolam, 1932]. 

Treatment of the blood-filtrate 'with silver nitrate and removal of the silver 
halides by centrifuging has indicated that, even when the blood- bromide is as 
high as 78 mg. |)er 100 cc., only extremely small amounts of bromine remain 
ill the solution (less than 0-1 mg./lOO cc.), which may perhaps be accounted 
for in the method, especially in view of the strong catalytic effect of small 
concentrations of silver upon the chromic acid oxidation of hydrochloric acid 
[Bobtelsky, 1930; coinxiare MoUer, 1932]. 


B. Estimation of bromide. 

A method for the estimation of bromide solutions by a single oxidation must 
not be sensitive to variations of the concentrations of the other salts present. 
It must allow for the catalytic effect of metallic ions, if any, while it must have 
a sufficient H ion reserve to make it insensitive to changes of H ion of the same 
order as that of the bromide estimated. The only available method of this 
character appears to be that of Hartner [1933], and this the author has not 
found to be satisfactory. The chromic acid mixture described above is to be 
preferred since it allows a greater range of bromide estimation in virtue of its 
larger concentration of hydrogen ions and of chromic acid, while at the same 
time it is stable to atmospheric oxidation, does not decomjcose on keeping and 
is not catalysed by the small amounts of iron, manganese and magnesium 
present in blood. Tungstic acid and nickel salts do not interfere. The theoretical 
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limit of accuracy of the method is 0-5y Br' in the presence of 100 mg. of Cl', 
this, in practice, being found to be 2y Br' [compare Bobtelsky and Eososkaia- 
Roseinskaja, 1931], 

The conditions for the accinate estimation of bromide in the presence of 
chloride using chromic-sulphuric acid mixture here found are in close agreement 
■with those given by Bobtelsky and Rososkaja-Roseinskaja [cf. also, Evans, 
1931], 9'0 N sulphuric acid is recommended, -w^hile 3-5 % CrOg are also present 
(these authors give 5 % CrOg). The concentration of chromic acid has little 
effect upon the oxidation potential of the mixture at sulphuric acid concen- 
trations above 4N. 

Results of the estimation of symthetic mixtures of various salts are given 
below. It has been found that chemically pure potassium chloride is difficult 
to obtain, the chloride used having a bromide content of 0-014 % [cf. Bobtelsky, 
1930; Hahn, 1933]. Some estimations on chloride samples are given in Table X. 


Table IX. Effect of various ions on bromide estiniation. 


Concentration o.f ions per 100 cc. “Bromide” found (y) using 

— .. W I n-P 


Br 

r 

Cl 

mg. 

Other ions 

5*5 xV 

H 2 SO 4 cone, of 

- " A. 

S-3iY 9-OiV’ 10-5X 

14-0 A' 

100 

— 

3*5 g. CrOi^ 

78 

97 99 

99 

__ 

(iO 

— 

-Do. 

— 

— - 58 

61 



50 

10 

— 

Bo. 

— 

45 48 

50 



— 

Bo. 



9 



100 

50 

Bo. 

58 

■— 105 

118 

183 

50 

50 

Bo. 

— 




0 

50 

Bo. 




22 

130 

100 

50 

Bo. -h.y/lO Na^SO.! 

60 

— 104 

112 

120 

50 

50 

Bo. -r 5 mg. MgS 04 

— 

— 52 


100 

50 

Bo. -I-Y/IO tungstic acid 



— 107 





100 

50 

1-5 g. CrOg 

63 

— 90 

102 

153 


Table X. Estim>ation of bromide {y) in potasshmi chloride. 


Wt. KCl taken 
mg. 

10 

50 

100 


B.D.H. A.R. 

(untreated) 

.3 

28 

53 


Specimen used 

Crystallised 

twice 

15 


Crystallised 
5 times 

7 


Experiments are proceeding to determine the significance of blood- bromine 
in the psychoses. 

StJMMAEY. 

1. ^ A method for the micro-determination of bromine in 5 cc. of blood is 
described and critically discussed. 

2. The method is accurate to within 2 y for amounts of 5-lOOOy of 
bromine. 


The author wishes to express his indebtedness to Dr J. H. Quastel, for iiis 
advice and criticism and to Ms medical colleagues for their willing co-operation 
in the collection of blood samples. His thanks are also due td the Medical 
Research Council for a grant. 
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The alkali digestion method for the coioriinetric estimation of vitamin A which 
was first adopted by Rosenheim and Webster [1927], is used in this laboratory 
both in work upon tissues from experimental animals and upon samples of 
human liver obtained at autopsy [Moore, 1932]. Since the latter work has in- 
volved large numbers of determinations on specimens available at varying times 
after death it appeared desirable (1) to study the tecliiiique of the method with 
a view to simplifying the procedure as far as possible so as to permit rapid 
working, (2) to examine the effect of ageing on the stabiiit}^ of the vitamin in 
case unsuspected deterioration should be taldng place. The present paper is 
concerned with the collection of information on these two points. 

Experimental. 

Standard procedure for determination of vitamin A in liver samples. 

In early experiments Moore [1930] extracted the vitamin A from all?;aline 
digests of rat hver by four extractions with ether and w^ashed the combined 
ether extracts with three changes of water. This procedure presumably ensured 
almost complete extraction of the vitamin and was therefore suitable for appli- 
cation in a limited number of experiments when the reliability of the results 
was of primary importance. In routine work however the large number of 
extractions and washings with indefinite volumes of water involves loss of time, 
both directly and through the increased danger of the formation of emulsions. 
Steps were therefore taken to simplify the technique so as to obtain results of 
reasonable accuracy in rapid routine work. It was found that if the digest was 
given a prehminary shaking with a small proportion of alcohol a single ether 
extraction was sufficient to extract almost all (usually 90 % or more) of the 
vitamin A. Moreover, two washings of the ether extract were sufficient to secure 
freedom from alkali, while by adherence to the correct proportion of alcohol, 
ether and water the formation of emulsions could be avoided except in rare 
instances. By the use of the following method it is possible to average 3-4 assays 
per hour. 

Extraction of vitamin. About 5 g. liver are weighed to the nearest 0*1 g. in 
a 50 cc. beaker, and minced with scissors into 10 cc. of 5 % aqueous KOH, 
(In the case of specimens of human liver collected at hospitals a convenient 
plan is to place the specimen in a small bottle containing the potash. Mincing 
may be postponed until the specimen is received in the laboratory.) The 
material is then transferred to a 50 cc. conical flask, which is corked and placed 
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in cold storage if the determination is not to be carried out at once. To digest 
the tissues the mixture is heated, preferably in a steam-oven, until complete 
solution has taken place. The digest is then transferred to a 100 cc. graduated 
fiiiiiiel and is shaken strongly (for about 10 secs, each time) first with 5 ce. of 
ethyl alcohol and then with the addition of 50 cc. of ether. (B.D.H. 
ether and ether of sp. gr. 0-730 give identical results in ordinary work.) The 
la 5 ^ers are allowed to settle out, and the aqueous layer is discarded. 5 cc. of 
water are now added and vigorously shaken together with the ethereal layer. 

After settling, the aqueous layer is discarded and the washing completed by 
gentle agitation with 50 cc. of water. The ether fraction is next filtered by 
suction through a la35^er of anhydrous sodium sulphate^, contained in a sintered 
glass funnel, into a 100 cc. wide-necked flat-bottomed flask (as used in Soxlilet 
extractions) the sulphate being washed with a little ether. The ether is evapo- 
rated of! rapidly on a water-bath, preferably under suction from a filter-pump. 

Colorimetric assay. The residue after evaporation, which should be quite 
clean and dry in appearance^, is dissolved in 5 cc. of chloroform (a further 
dilution is sometimes necessary in the case of specimens giving high values). 

Portions of this solution, varying from 0-02 to 0-5 cc., according to the amount 
of vitamin present, are delivered by an appropriate blood pipette into a 1 cm. 
cell, or a test-tube of 1 cm. bore which has been checked against a cell. The 
volume is made up to 0-5 cc. with chloroform, and the pipette is washed out by 
sucking up the chloroform and expelling it again. 2 cc. of the SbCls reagent 
are then added and the blue colour, which should give a reading of 3 to 5, is 
matched quickly in a Lovibond tintometer. Results are calculated in Moore’s 
units as follows. 

Example. 4-9 g. of hver w^ere digested and extracted. Residue from extract 
w’-as dissolved in 5 cc. CHClg. 0-02 cc. of this solution made up to 0-5 cc. with 
CHClg gave a reading of 4 B 1 Y (neglected). 

Blue units (B.U.) per g. of liver = Ad = 50 Q to nearest significant figure. 

The 2-5 in the top line of the calculation refers to the total volume of the 
reaction mixture. fii 

The effect of various modifications in the technique of extraction 
on the apparent vitamin A content. 

The following experiments were carried out on various sjjecimens of ox-, 
pig- and sheep-liver with a view to testing the efficiency of the above technique 
and examining the effect of variations in procedure. 

Technique of digestion. Portions of ox-fiver (specimen A) were digested for 
varying periods (10-90 minutes) with 5 %, or in one case 10 %, aqueous KOH. 

The digests were then extracted and the residues assayed in the usual wej^. 

Although the technique of digestion affected the yield of fat (z’.e. the degree of 
saponification) and conseCj[uently the blue value of f^fj there was no 

variation in the blue value per g. of fiver. 

^ Tile anhydrous sodium sulphate used in this work was supplied by Messrs B. D. II. and had 
given good results over a number of years. Just after sending this paper to press, however, the 
quality of sulphate supplied was changed. The new sulphate, which was a much finer powder, was 
quite valueless when used in the way described in the text. Br F. H. Carr kindty submitted 
alternative types of sulphate for trial. The quality described as dense” gave satisfactory results. 

^ The presence of moisture will cause clouding on adding the SbClg reagent. This clouding 
may be prevented by adding a drop of acetic anhydride before the reagent, but resort to this 
procedure should be unnecessary if the extraction is carried out coriectly. 




1772 


A. W. DAVIES 




The action of alcohol in facilitating the exU^action of the vitmnin. The purpose 
of using alcohol is both to preTent the formation of emulsions and to facilitate 
the extraction of the vitamin. The abihtj^ of ether, unaided by alcohol, to extract 
the vitamin from the alkaline liver digests varied from specimen to specimen. 
The examples given below will serve to illustrate this point. 

Example 1. Good extraction of vitamin A by ether alone. 5 g. of ox-liver (B) 
were digested by heating. Extraction with 50 cc. of ether alone yielded 1000 B.IT. 
per g. of liver. second extraction with 50 cc. of ether and 5 cc. of alcohol 
yielded 62*5 B.U. per g. Most of the vitamin A in this case, therefore, could be 
obtained hy one extraction with ether in the absence of alcohol. 

Example 2. Poor extraction of vita/niin ..4 by ether alone. 5 g. of pig-liver (C) 
were digested by heating and were extracted with 50 cc. of etliei% yielding 5 B.U. 
of vitamin A per g. A second extraction with 50 cc. of ether and 5 cc. of 
alcohol yielded 20 B.U. per g. Conversely when 5 g. of liver were first extracted 
with 50 cc. of ether and 5 cc. of alcohol 20 B.U. per g. were obtained, while a 
second extraction with 50 cc. of ether and 5 cc. of alcohol gave only 7«5 B.U. 
per g. Ill this case therefore ether by itself extracted only a small proportion 
of the vitamin, hut by using ether and alcohol most of the vitamin could be 
obtained in the first extraction. 

Similar results were obtained in the case of a sample of pig-liver (B) richer 
ill the vitamin, which gave a result of 500 B.U. per g. when the extraction was 
carried out by gentle shaking (5 secs.) with ether in the presence of alcohol, 
but only 100 (gentle shaking for 4 secs.) to 200 B.U. per g. (vigorous shaking 
for 30 secs.) in the absence of alcohol. These results afford a good illustration 
of the action of alcohol in facihtating the extraction of the vitamin. 

The^ technique of digestion also appeared sometimes to affect the ease of 
extraction by unaided ether. Thus in one series of experiments on pig-liver (E) 
the surprising result was obtained that ether could extract the vitamin after 
digestion ot the tissues at room temperature, but not if the digestion had been 
carried out bj^ the usual procedure of heating in a steam- oven. The disadvan- 
tages of using unheated digests in routine work lie in the danger of forming 
emulsions, and loss of time through blockages in the separating fumiel. 

Efficiency of the standard process of extraction. The following examples will 
serve to indicate the proportion of the vitamin extracted. 


Slieep-liver (F) 

1st extraction 
(alcohol and ether) 

1250 

2nd extraction 
B.U. 

25 

3rd extraction 

Ox (G) 

350 

30 

0 

Human (H) 

25 

0 


Kg (C) 

20 

7*5 




Ill all cases the hulk of the vitamin was obtained in the first extraction. 

^ Comparison of the alkali digestion method with the Soxhlet extraction method 
using various solvents. A specimen of fresh ox-liver (I) giving 55 B.U. per g. 
by the alkali digestion method w^as weighed and minced finely. Portions of 
5 g, each were taken, mixed with an equal volume of anhydrous sodium sulphate 
and extracted for 1 hour in a Soxhlet extraction apparatus with the following 
solvents ether, light petroleum, chloroform, acetone, benzene. Although the 
amount of material extracted seemed to depend largely on the solvent used, 
the yield of vitamin A remained constant. Thus, in confirmation of the work 
of Simmonet et al. [1931] and of Wolff [1932] good agreement was observed 
between results obtained by the Soxhlet and alkali digestion methods. 
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Rate of deterioration of vitamin A in tmtreated liver and 
liver digests on standing. 

A large specimen of ox-liver (J), rich in vitamin A, was mincedj stirred up 
and divided into 5 g. portions, which were divided into 3 groups and treated 
as follows: Group (1) immediate digestion by heating with 5 % KOH: 
Group (2) slow digestion KOH at room temperature. Group (3) storage 
at room temperature without any preservative treatment. Portions from each 
group were taken at intervals and the vitamin A content assayed by the standard 
procedure. The results of this experiment, and also those of a similar experiment 
using a pig-liver (K) of low vitamin A content, are sliowm in Table I. 



Table I. Rate of deterioration. 



Group 1 


Group 3 


Group 2 

Standing without 


Digested by heating 
ill 5 % KOH 

Digested by standing 

KOH at room 

Time in days 

at room temperature 

temperature 


Ox-liver (high vitamin A reserves). 


0 

1000 

1000 

1000 


1000 

1000 

1000 

7 

1000 

1000 

600 

14 

1000 

1000 

400 

42 

600 

600 

400 


Pig-liver (low vitamin A reserves). 


0 

20 

20 

20 

7 

20 

20 

10 

14 

20 

17-5 

8 

21 

15 

10 

4 

28 

10 

8 

1 

35 

3 

10 

0 

42 

3 

12-5 

0 


It will be seen that some deterioration took place in all groups after pro- "?■; 

longed standing. Deterioration, however, was less rapid in the liver treated | 

with alkali than in the untreated liver. Thus- in the untreated liver definite 

signs of deterioration wem evident in 7 days, while no deterioration (except .,1 

for a very small fall in the case of the pig-liver, group 2) took place in 14 days 

ill the liver treated -with alkali. In the ox-hver treated with alkali deterioration 

to the extent of 40 % ivas observed after 6 -weeks. In the pig-liver deterioration 

was more rapid. 

Discussion. 

The procedure for the estimation of vitamin A in tissues described above is 
designed to permit rapid routine work upon specimens showing very wide 
variations in vitamin A content, as found in human livers, and is not intended 
for use wiien the highest attainable accuracy in individual experiments is re- 
quired. For work of this type it is recommended that the ailvaliiie digest should ' 

be extracted twice or three times with ether, and that the fat obtained should 
be saponified before carrying out the colorimetric assay. The effect of these 
refinements on the final result would vary slightty from specimen to specimen. 
x4.dditional extractions might be expected to increase the final result by as much as 
10 % . Saponification should have little effect in the case of normal mammalian 
specimens, but might cause increased results in the case of hvers of abnormally 
high fat content. 

Similarly the experiments on the determination of the vitamin have not 
been carried out with a view of ascertaining the ideal conditions for ensuring 
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its stabilit,y, but rather to obtain information as to its behaviour under routine 
conditions'" involving periods of storage at ordinary temperatures, e,g. during 
transmission by post. Under these conditions the vitamin is more stable in 
alkali than in untreated specimens, and the tissues should therefore be placed 
in potash immediately on dissection for this reason as well as for the further 
consideration of the removal of danger to the worker in the case of pathological 
specimens. The results indicate that there is little danger of deterioration in 
digested specimens provided the assay is carried out within 14 days after death. 

Summary. 

A simplified form of the alkali digestion process for the assay of vitamin A 
ill tissues by the colorimetric method has been devised. The process permits 
rapid working and gives results substantially in agreement with those obtained 
by the Soxhlet extraction method. 

At room temperature vitamin A deteriorates less rapidly in liver specimens 
treated with potash than in untreated tissues kept without preservative treat- 
ment. In the case of specimens of liver transferred immediately post mortem to 
potash solution and then stored at room temperature no serious decrease in 
vitamin A content is to be anticipated if the assay is carried out within 14 da^^-s 
after death. 

My thanks are due to Dr T. Moore for suggesting this work, and to Dr L. J. 
Harris for his valuable criticism. I am also indebted to Prof. Myra Sampson 
for access to certain results obtained during her visit to this laboratory. 
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CCXXXIX. STANDARDISED COLLODION 
MEMBRANES IN LOW PRESSURE 
ULTRAFILTRATION. 

By SYDNEY JOHN FOLLEY. 

From the National Institute for Research in Dairy ing, University of Reading. 

{Received September 18th, 1933,) 

The value of ultrafiltratioii as a research weapon is indicated by its increasing 
use ill biological science for separating colloid-free filtrates from colloidal solutions. 
The modern tendency, following Bechhold [1907], is towards the use of nietallic 
apparatus einbodjdng flat membranes through which filtration is effected under 
high pressure. For many purposes such technique is invaluable provided due 
attention is paid to the fundamental principles underlying ultrafiltration [see 
Augsberger, 1925; Elford, 1933]. However, wiien ultrafiltrates are required for 
quantitative analysis, ultrafiltration through collodion tubes at rather low 
pressures (about 100 mm. Hg) is often to be preferred for the following reasons. 

It is not to be expected that ultrafiltration of biological fluids under several 
atmospheres pressure will yield filtrates typical of living processes — as witness 
the significantly higher values for ultrafiltrable calcium obtained by Nicholas 
[1932] who iiltrafiltered blood-serum under 10 atmospheres pressure, compared 
with those reported by numerous investigators using much lower pressures. 

An unavoidable defect of high pressure ultrafilters is that the solution being 
filtered must come into contact with metallic surfaces and usually with rubber- 
fibre gaskets. Further, metallic ultrafilters are costly to construct. 

The technique to be described wms primarily devised for measuring ultra- 
filtrable blood-serum- calcium though it may be adapted to other similar 
purposes. For the reasons indicated above it involves filtration under 120 mm. 
Hg pressure through collodion tubes of standard permeability. 

Experimental. 

Ultrafiltration apparatus. One unit of the all-glass apparatus is illustrated in 
Fig. 1. The filtration head carrying a collodion tube of about 10*5 cc. capacity 
fits into the receiver by means of a standard ground joint. The collodion tubes 
are made of such a diameter that they will slide nicely over the widened end of 
the tube A. They can be made closely to adhere to the latter by carefully heating 
round the groove over a micro-flame. A binding of thin twine gives added 
security to the joint. 

Filtration under excess positive pressure (120 mm. Hg) is preferred to the 
use of suction as recommended by Greenberg and Gunther [1930] as the risk of 
concentration of the filtrate by evaporation is thereby minimised. For this 
purpose nitrogen at a known constant pressure is supplied to tube A (Fig. 1) by 
means of the apparatus described by Folley and Peskett [1933]. As a further 
precaution against evaporation of the filtrate the side-tube B is connected to a 
wash- bottle containing a liquid approximately isotonic with the ultrafiltrate. 
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A battery of six identical nnits connected in parallel to the pressure supply 
and wash-bottle is in use at the present time. 

Procedure. A collodion tube taken from store under ice-cold water is tied to a 
filtration-head and the last traces of water removed from its interior by means of 
a Hunt-tipped pipette introduced through A. These operations must be done as 
rapidly as possible so that the membrane does not dry. The latter is thrice 
washed out with 3 cc. portions of the fluid to be filtered the last traces reinainiiig 
from the third washing bemg removed with the special pipette as before. 
Violent shaking during washing is avoided so as to minimise frothing. Then 
10 cc. of the solution to be filtered are measured into the membrane, the outside 
of the latter dried with filter-paper and gas pressure applied to A. After 
10 minutes the liquid which appears on the outside of the membrane (mainly 
water expressed from its pores) is removed by filter-paper and collection of the 
filtrate in a dry receiver begun. 



Fig. 1. All-glass ultra- Fig. 2. 

filtration apparatus. 

In determinations of ultrafiltrable calcium in blood-serum, filtration is 
allowed to proceed for 2-|- hours by which time, with the grade of membrane used, 
about 2-3 cc. of filtrate are obtained. For analysis 2 cc. are required, the 
remainder being used to test for absence of protein, ^liialyses of ultrafiltrates ob- 
tained by careful use of this technicjue show good agreement between duplicates, 
as the following results indicate. The numbers of cc. of iY/200 KMn 04 required 
to oxidise the oxalate, obtained by the Clark and Collip [1925] method from 
2 cc. of each of four ultrafiltrates of a sample of bovine blood-serum, were 1-20, 
1*21, 1*21 and 1*09 respectively. The titres for three ultrafiltrates of another 
bovine blood-serum were 1-26, 1*16 and 1*26 cc. 

Prepai'ation of collodion tubes. Factors which influence the permeability of 
collodion membranes include the nature and concentration of the collodion 
solution, its water content and the time for which evaporation of solvents from 
the hardening film is allowed to proceed. In quantitative work the importance 
of using membranes with standard properties needs no emphasis and since the 
usual technique of making collodion membranes allows little control of the 
aforementioned factors the following standard method of preparation was 
devised. In some respects it is similar to a method described by Pierce [1927]. 
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A. clean and dry test-tube ground flat at the top is filled mth collodion and at 
once covered by a glass square. When the solution is free from bubbles the tube 
is inserted into the glass evaporation chamber shown in Fig. 2. It is held in the 
position shown in Fig. 2 by means of a suitable holder made from wire. The tube 
is uncovered and the evaporation chamber closed by inserting a rubber bung 
canying a metal funnel closed at the bottom by a rubber sleeve and spring- clip. 
The membrane is cast b^^ rapidly inverting the apparatus and rotating slowly in 
the hands at a suitable angle for precisely one minute, after which it is clamped 
ill the inverted position, the collodion which has collected in the funnel run off 
and a metal tube pushed through the stem of the funnel into the position shown 
in Fig. 3. It is important that the funnel and tube be made of metal since glass 



components frequently break. The rubber connections shown in Fig. 3 are 
rapidly made, and at the end of 2 minutes from the start of the casting the taps 
are opened so that a stream of dry air is drawn through the apparatus and flows 
over the collodion film. The ah is dried by passage through a train consisting of two 
sulphuric acid wash-bottles, two soda-lime tubes and two calcium chloride tubes. 
The efficiency of the drying train was tested by placing a weighing bottle containing 
sulphuric acid in the evaporation chamber, while the air stream was passed for two 
hours. The sulphuric acid did not appreciably increase in weight during this time. 

Variations in the rate of flow are eliminated by constant manipulation of the 
fine-adjustment valve (Fig. 3), which consists of a large screw-clip with a long 
handle and fitted wdth springs to prevent backlash, in such a way that the 
flow-meter reading remains stead^n After an accurately measured period of time 
the air-flow is cut off, the tube containing the membrane immersed in distilled 
water, the membrane extracted from the tube and washed in running distilled 
water for some 24 hours. 

Collodion tubes of varying permeability may be made by utilising different 
evaporation periods or air-flow velocities. For the purpose mentioned above 
these values are so chosen that the membranes are quite protein-tight and 
strong enough to withstand the ultrafiltration pressure while giving a. satisfactory 
filtration rate. The membranes referred to in an earlier section are prepared by 
evaporating at 22° for 15 minutes with an air flow of 13 litres per hour. 

The ether-alcohol nitrocellulose solution “NecoF' supplied in | lb. cans by 
Nobel Industries Ltd. lias proved satisfactory for making both protein-tight and 
protein-passing membranes. The dilution used is given below, the whole contents 
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of each can being diluted immediately it is opened. In making membranes the 
excess collodion must not be used again. 


Necol 40 g. 

Dry ether ... 12 cc. 

Dry absolute alcohol ... 8 cc. 

Membrane permeabilit'i/. Information as to the reproducible nature of the 
membranes can be obtained by comparison of the rates of flow of water through 
a given area under given conditions of temperature and pressure. These measure- 
ments are made by means of the apparatus shown in Fig. 4, the necessary flat 



To suppl) of nitroi>:«.‘n 
at constant jtrcssurc 


Api>rox. constant 
^^ateI■ !ev.,-l 


Fig. 4. Jena glass aj^paratus for membrane permeability measurements. 

membranes being obtained bj- opening up collodion tubes with scissors. The 
apparatus when assembled is connected to the constant pressure nitrogen supply 
and the flow of water along the 1 cc. pipette timed with a stop watch. 

It is of interest to note here that if these measurements are made on mem- 
branes unsupported by metal gauze, the velocity of water flow shows a gradual 
decrease with time, finally becoming constant. This is partly due to"a slow 
reversible stretching of the membrane since when the latter is mechanically 
supported the phenomenon is not so pronounced. 

The following rates of flow were observed for membranes selected at random 
from two batches made on diflPerent days : 

Temperature 21°. Pressure 50 mm. Hg. 

Constant membrane area (approx. 6-2 cm.^). 

Flow 0*46, 0*50, 0-41, 0*46, 0*435 0*41 nim.^ per sec. 

Keeping in mind the conditions under which these measurements were made, 
these results show that membranes of reproducible permeability can be made by 
the method described. 

Summary. 


A technique has been evolved whereby collodion tubes of standard and repro- 
ducible permeability can be made. Details are given of a method of low pressure 
ultrafiltration making use of these membranes. The method has been used to 
determine iiltrafiitrable calcium in bovine blood- serum. 


I wish to express my thanks to Isb G. L. Peskett for helpful suggestions. 
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CCXL. THE HEAT-INACTIVATION OF 
CRYSTALLINE PEPSIN; THE CRITICAL 
INCREMENT OF THE PROCESS. 

By WILFEID JAMES LOUGHLIN. 

From the Miispratt Laboratory of Physical ajid Electro-Chemistry, University 

of Liverpool, 

{Received September 18th, 1933,) 

In a recent series of publications Northrop [1930, 1, 2; 1931] lias advanced very 
strong evidence that pepsin is a protein. Starting from commercial pepsin, by 
suitably regulating the pjj and precipitating with the aid of magnesium or 
ammonium sulphate a crAT-stalline product was obtained wdiicli had the general 
properties of a protein. In particular, solutions of this crystalline pepsin were 
coagulated by heat, and Northrop states that the inactivation of the enzyme 
either b}^ heat or by alkali is quantitatively proportional to the denaturatioii 
of the protein. A successful effort was made [1931] to reactivate denatured 
inactivated pepsin along the lines used by Anson and Mirsky [1929; 1931, 1, 2] 
for the reversal of the denaturatioii of certain proteins, and the product obtained 
was identical with the original freshly prepared material, both in general 
properties and in its specific proteol^dic activit}^ It seems safe to conclude 
therefore that the crystalline pepsin is in fact a protein. More receiitl}^ 
Northrop [1932, 2] has shown that trypsin can similarly be obtained in a 
crystallme form and has the properties of a protein, whilst Sumner [1926] claims 
that the crystalline urease prepared by him is also a protein. 

Work has been proceeding in this Department for a number of years with 
a view to determining the mechanism of the process of the denaturatioii of 
proteins. In this connection the conclusions mentioned above are of great 
importance, for if the processes of inactivation and denaturatioii of the cr37'stalline 
enzymes do go hand in hand, then an investigation of the heat-inactivation of 
the enzjuiies might ^field valuable information regarding the mechanism of the 
process of denaturatioii, especialfy as the rate of inactivation can be determined 
experimental].}?' with great accuracy by a number of different methods. Conse- 
c|ueiitly an investigation of the heat-inactivation of crystalline pepsin as 
prejiared by Northrop was undertaken, and the results obtained are given in the 
present communication. 

Experimental. 

The crystalline pepsin used in the present investigation was prepared from Parke Davis pepsin 
u.s.p. 1 : 10,000 in the manner described by Northrop [ 1930 , 1 ] using magnesium sulphate. The 
product was then purified by several recrystallisations in the manner given by Northrop, and the 
material thus obtained was tested exhaustively as described below, to ensure that it was identical 
with that obtained by Northrop himself. 

When viewed under a microscope the pepsin was found to consist of transparent, colourless 
diliexagonal bipyramids, the slight yellnw colour observed in the first crop of crystals having 
gradually been removed in the recrystalhsation process. After drying, the crystals dissolved with 
difficulty, and the solution obtained was coagulated by heat. The pepsin was precipitated on 
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saturating the solution with either magnesium, or ammonium sulphate. Positive results were 
obtained for the biuret reaction and for the xanthoproteic reaction. Polarimetric measurements 
gave a value for [a]ff of -70-5° compared with Northrop’s values of between -68° and -72°. 
The nitrogen content as obtained by several micro -KJelda hi determinations w^as 15 % . Reference 
to Northrop’s paper [1930, 1] vdll show that all these tests are in agreement with those obtained 
using his preparations. It must also be shown, however, that the writer’s pepsin has the same 
proteolytic activity as that of Northrop’s preparation. 

The method recommended by Northrop for its accuracy and rapidity and selected by the 
aiitlior is that in which a given quantity of the enzyme is allowed to act on a caseinogeii solution, 
and the rate of hydrolysis is followed by measuring the change produced in the viscosity of the 
protein solution at various time intervals. 

Briefly, the method consists of adding different known weights of pepsin dissolved in a given 
volume of water to a known volume of a caseinogen solution and measuring the viscosities of the 
mixtures at definite time intervals. Prom the results obtained a series of viscosity-time curves are 
plotted and from these the gradients at zero time are measured. Prom the gradient of the curve 
it is a simple matter to obtain the percentage decrease in viscosity produced per minute, and the 
arbitrary unit of activity is then described as this value divided by the number of mg. of pepsin- 
nitrogen present in the mixture. The value of this unit should of course be the same (within the 
limits of experimental error) independently of the curve from Avhich it was obtained. The mean 
value of the unit obtained from determinations carried out wdtli five different concentrations of 
pepsin was 1350. Similar treatment when applied to four curves given by Northrop [1932, 1] gave 
a value of 1250. As a considerable experimental error is possible both in calculating the time 
interval after mixing the pepsin and protein solutions and also in the extrapolation of the 
viscosity carves to zero for the measurement of the gradient, this agreement may be taken as being 
satisfactory. Furthermore the value 1350 agrees with the various values obtained by Northrop 
from different preparations over a number of years. It therefore be taken that the activity 
of the writer’s preparation as measured by the caseinogen viscosity method is the same as that of 
the various Northrop preparations. A further indication that the activities are identical will be 
given in a later section. For the present, however, it is sufficient to say that a study of the properties 
of the pepsin used in the present investigation has shown them to be identical with the properties 
of the crystalline pepsin prepared by Northrop. 

Determination of the pepsin unit by the alcohol titration method. 

From what has been said above it will be seen that although the caseinogen 
viscosity method for measuring the activity of the pepsin is comparatively 
rapid, it is at the same time not particularly accurate. Furthermore the interpre- 
tation of the figures obtained is obscure as no definite chemical significance can 
be attached to them. It is therefore advisable to use some other method which, 
although perhaps not so convenient, does at least have a chemical meaning. 
One such method is the formaldehyde titration method. Another similar method 
is the alcohol titration method of Wiilstatter and Waldschmidt-Leitz [1931]. 

This method is somewdiat tedious and requires great accuracy. It serves, 
however, to give a measure of the number of carboxyl groups liberated by the 
pepsin ill a given time and therefore is not subject to the same criticism as the 
viscosity method given above. This method was examined by the writer, and the 
following figures which were obtained for the pepsin unit will serve as an indica- 
tion of its accuracy. 

The optimum pjj for the h^^drolysis of caseinogen by pepsin is given by 
Northrop as 1*8. Consequently it is at about this p^ that the alcohol titration 
method will be most sensitive. For the purpose of obtaining this pu a citrate 
buffer was used. The final mixture was as follows: 5*5 cc. Jf/S sodium citrate, 
34*5 cc. ilf/3 HCi and 10 cc. water. The caseinogen solution used was prepared 
by the addition of 100 cc. 0*05 N ammonia to 6 g. Kahlbaum-Hammarsten 
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caseiiiogen, stirring and warming to 40° until all the easeinogen dissolved. 15 cc. 
of this solution were run slowly into 10 cc. of the buffer with constant shaking. 

By this means, although the easeinogen first precipitated slightly, it then ^ 

redissolved to give a clear solution with just a slight blue colour. The requisite 
amount of pepsin was weighed out and dissolved in 10 cc. of the buffer. The two 

solutions were placed in the thermostat at 35°, and when temperature equilibrium ^ i 

had been established 5 cc. of the pepsin solution were measured into the j 

easeinogen solution. A 10 cc. sample of the reaction mixture was immediately j 

withdrawn and run into a known volume of alcoholic caustic soda solution 

sufficient to stop the reaction by attaining about 8. After exactly one hour a 

second 10 cc. sample was also withdrawn and treated similarly. 1 cc. of 

thymolphthalein solution was added to each of the samples which were then 

titrated with the same alcoholic caustic soda solution as was used to stop the 

reaction until the faint blue colour of the indicator appeared (Ph~ ^*^)* 

of boiling alcohol were then added causing the blue colour to disappear and at i j 

the same time precipitating the easeinogen in a finely divided state. The 

titration was continued until the blue colour reappeared, showing that the 

titration of the protein was complete. The increase in alkali titration due to the 

hydrolysis of the easeinogen by the pepsin was noted. The pjj of the reaction 

mixture was also noted during the course of the reaction, and was always in the 

neighbourhood of 1-9. 

A large number of determinations was made using different concentrations [ 

of pepsin and the figures obtained are collected in Table I, and are plotted as a ' j 

Table I. A?noimt of hydrolysis prodticed in a easeinogen solution under the ! jil 

conditions S2)ecified above by different concentrations of crystalline pepsin. 


Ph of reaction mixture = 1*9. 
Time of reaction, 1 hour at 35°. 


Weiglit of pepsin 

Increase in titration 

Weight of pepsin 

Increase in titration 

present in reaction 

(cc. N/5Q ale. NaOH 

present in reaction 

(cc. N/oO ale. NaOH 

mixture (mg.) 

solution) 

mixture (mg.) 

solution) 

1*2 

1-03 

4-8 

3*67 

1*9 

1-62 

5-7 

3-79 

1-9 

1«78 

5-7 

4*00 

3*0 

2-65 

7-6 

443 

3*0 

2-80 

7-6 

4-66 

3-3 

3-00 

8-9 

4-69 

3-8 

3*24 

10-8 

5-12 

4*1 

3*52 

18-6 

6*05 

4*5 

3-60 




curve ill Fig. 1. It is intended to use this curve as a standard in the subsequent 
work on the lieat-inactivation in a simple manner to be described later. It should 
be noted that the values given were obtained with several different preparations, 
yet all lie on a smooth curve. 

It will be seen from the figure that the hydrolysis produced is directly 
proportional to the concentration of pepsin at low concentrations, but at higher 
concentrations the rate of hydrolysis produced is less than it would be if the 
linear function continued to hold. 

A series of determinations was carried out on Parke Davis pepsin to obtain 
comparative data between the activity of the newly>prepared crystalline pepsin 
and that of the commercial material. This comparison is of interest since it 
affords confirmation of the comparabihty of the activity of the writer’s prepara- 
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tion with that of Northrop, even though Northrop did not use the alcohol 
titration method. 

From the figures obtained it is possible as will be seen below to give a pepsin 
unit expressed in an analogous way to those already published by Northrop. 



Fig. 1. Variation of activity with concentration of crystalline pepsin. 

From the gradient of the curve at zero time one finds that 0-002 g. of pepsin 
ill the reaction mixture liberates in one hour an amount of carbox^d groups 
requiring 1-8 cc. N/50 alcoholic caustic soda for neutralisation, i.e. 1-8x1/50 
niilli-eqiiivalents are liberated per hour, per 2 mg. pepsin in the reaction mixture, 
or per 0-3 mg. pepsin-nitrogen. Hence the activity [P[7] per mg. pepsin-nitrogen, 
may be represented 

= 1-20 X 10-1. 

A rough experiment with Parke Davis pepsin gave the followuig figures: 
0-024 g. pepsin in the reaction mixture corresponded to a titration of s'os cc. 
V/50 NaOH. 

From which [PU] = 2-‘> x 10-^ 

Hence Activity of own preparation 1 20 

Activity of Parke Davis “1^ 

= 5-5 . 

Northrop, using the caseinogeii-formaldehyde method for obtaining the 
activity of his preparations gives the values 14 units for his own preparations, 
and 2-0 for Parke Davis pepsin, a relative activity of 5-6. This affords further 
evidence that the writer’s pepsin is identical with that of Northrop. 

The heat-inactivation of crystalline pepsin. 

Although the process of heat -inactivation of the crystalline pepsin was not 
examined in any detail by Northrop, he performed one or two experiments with 
the object of determining whether the process followed the course of a simple 
unimolecular reaction. The conclusion drawn from the results obtained was that 
the reaction did follow the theoretical unimolecular course quite closely, thus 
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confirming tlie conclusion readied earlier "by Tammann [1895] and Arrlieiiiiis 
[1907]. This result is confirmed in the present work, and unimoleciilar constants 
have been obtained for the reaction at various pjj values and at different tem- 
peratures. 

The method of following the inactivation reaction used by the writer was as 
follows. About 0*03 g. of pepsin was dissolved in distilled water, and the solution 
was made up to 30 ce. with a solution of HCl of such a concentration as to give 
the required pjj. The solution was placed in a thermostat at 65°, and after 
temperature equilibrium had been established 7 cc. were withdraw! and run 
into a thill- walled test-tube immersed in an ice-water mixture, the time of this 
action being noted. After suitable time intervals further 7 cc. samples were 
withdrawn and the reaction stopped in the same way. The activity of each of the 
samples was then obtained b}?' the alcohol titration method as before, but certain 
slight alterations had to be made in order to obtain conditions which were 
identical with those used in obtaining the standard activit3^ curve. 

In the first place the pepsin was now dissolved in water or a very dilute HCl 
solution whereas before it was dissolved in the buffer solution. To obtain therefore 
the same reaction mixture as before the following quantities and concentra- 
tions were used. The caseinogeii solution used was 6*923 % , and the buffer 
solution contained 5*5 cc. Jf /3 sodium citrate to 34*5 cc. Jf/3 HCl, but no 
water was added. 13 ce. of the caseinogeii solution were slowty run into 12 cc. 
of the new buffer solution with stirring, and when the pepsin solution (5 cc. 
unbuffered) was added it will be seen that the reaction mixture was identical 
.with that used previousl,y. The onty difference was in the small concentration of 
HCl added with the pepsin which had been used to adjust the for the inactiva- 
tion period, but this was so small compared with the acid present in the buffer 
that it had no appreciable effect on the pjj of the reaction mixture used for the 
activity determination. The remaining 2 cc. of pepsin solution were used for 
the pjj determination hv the qiiinliA^drone method of Corraii and Lewis [1924] 
at 25°. 

x4s before 10 cc. samples were withdrawn at the beginning of the reaction and 
after exactty one hour at 35°. The increase in titration was measured, and from 
the activity curve the cpiantit^^ of active pepsin present in the reaction mixture 
which corresponded to this increase w'as read off. The concentration in the initial 
sample was taken as 100 % and the percentage inactivation at each time interval 
was calculated. From each of these values it was possible to obtain a value of 
the uniiiioieeiilar reaction velocity constant from the equation 

logic 

where « = concentration of active pepsin at zero time (100 %) ; a — x= concentra- 
tion of active pepsin remaining at time t {% activity at time 0 ; ^ = time in secs. 

The fact that concordant values for A?uni were obtained showed that the lieat- 
iiiactivatioii was indeed following the unimoiecular reaction rate. Values of 
were obtained at 65° for a series of different pg- values, and the figures 
obtained are given in Table II. 

From these figures it is seen that the effect of pjj on the rate of inactivation 
is considerable except between pg 3*0 and 4*5 between wdiieh values the curve 
shows a fairly flat minimum. On the acid side of pjj 3, and the alkaline side of 
Pjj 4*5, how^ever, the rate increases exceedingty rapidly and in fact at pjj 6*5 the 
rate is too great to be measured. The approximate value given for 6*9 was 
obtained as follow^s. The reaction mixture was prepared in the usual -wa^^ and 
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Table II. IIeat4nactivation of crystalline pepsin at 65'^. 


Pn 

Mean value of 

/q,„i X 10^ 

kgio ^'uni 

2-30 

19-9 

3*2989 

2-56 

5-2 

4*7160 

2-65 

4*7 

4*6721 

2-98 

2*2 

4*3424 

3*30 

2*1 

4*3222 

4*04 

(4-0) 

(4*6021) 

4*50 

3-6 

4*5563 

4*60 

3*3 

4*5185 

5-43 

15*2 

3*1818 

6*90 

>700*0 

2*8451 


Jt will be noted that 0-03 g. of pepsin in 30 cc. is equivalent to 5 mg. in 5 ec., i.e, tlie initial 
\veiglit of pepsin ill tiie reaction mixture is 5 mg. R;efereiice to Fig, 1 shows that this is at the head 
of the steep straight portion of the curve so that as the pepsin becomes inactivated a rapid change 
ill titration will be observed. In short, using this concentration causes the method to be particularly 
sensitive in measuring the degree of inactivation produced. 



Fig. 2, Heat -inactivation of pepsin. Variation with of /runi at 65°. 

G Represents value obtained by Northrop. 

Fig, 3. Heat-inactivation of pepsin. Variation with pg of log /runi. 

G G Vaiiation with of iog/ji„ji at 65°. x — x Variation with of log/qi„i at 55°. 
Variation with of (logi'^,; at 65° - log at 55°). 

placed in the thermostat at 65°. A sample was removed and cooled 3 minutes 
\r AT determination gave an increase in titration of 0-05 cc, 

+h • ^ showing that the pepsin was almost completely inactivated by 

IS short heating. Making a calculation on the assumption that maintenance for 
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1|- minutes at 65° lias produced something over 95 % inactivation it is seen that 
the value of I^ni must he greater than 7 x lO"*^ at this pjj . 

The figures in Table II are plotted in Fig. 2 together with one value of A’uni 
obtained by Northrop, viz. 0*58 at 65° and;Pjj 3*0 (calculated with time measured 
in hours), i.e. 1*6 x 10”^ if t is measured in seconds. It is seen that this point lies 
very near the writer’s curve. In Fig. 3 the curve is given in the form — log /i^uni 
to enable a wider range of pjj to be shown, and also for the purpose of showing 
how the critical increment of the process varies with . 

Effect of tem^perature on the heat-inactivation process. 

To examine the effect of temperature, a second series of determinations of 
the values of hyx^x for various pjj values was carried out exactly as described 
above but at a temperature of 55°. Since the technique is identical it is sufficient 
merely to give the data obtained ; these are shown in Table III. 

Table III. Heat-inactivation of crystalline pepsin at 55°. 


‘Pli /t’myi X 10^ io^lO^^uni 

2 - 30 8-2 5*9138 

3 - 00 0*7 6*8451 

4*15 0*3 6*4771 

4 - 89 1*5 5*1761 

542 5*4 5*7324 


The behaviour with respect to alteration in pg- is therefore the same at 55° 
as it is at 65°. There is a fiat minimum between 3*5 and 4*5 and on either side 
of these values a sharp rise. The similarity is brought out by plotting the values 
ill the third column (logio huid) against ^i§* ^ 

values obtained at 65°. The use of this diagram will be mentioned later. 

The critical increment of the heai-mactivation process. 

Consideration of the figures in Tables II and III shows that the process of 
heat-inactivation is one which possesses a very high temperature coefficient. 
This point is emphasised when the critical increment is calculated from the 
integrated form of the equation 

dlogh_ E 

viz. 2*303 (logi^o Jc-i logio \ ’ 

where and k^ are imimolecular constants at temperatures Tj and E is 
the critical increment and R the gas constant. 

The value in the bracket on the left-hand side of this equation is obtained at 
any given pjj by the difference in the ordinates of the two curves in Fig. 3. lor 
the sake of simplicity a third curve has been drawn in Fig. 3 which represents at 
each Pu the difference between the ordinates of curves A and B. If we represent 
this difference by d, then the critical increment at any given p^ is given by 

E (cals.)= , 

i.e. E cc d. 

Consequently from the diagram we see that E is maximum at pg- 3*7 to 4*0 
and falls off on both sides of this value until on the acid side of pg 3 and the 
alkaline side of pjj 5*5 it attains an approximately constant value which is about 
the same in both cases. To bring this out more clearly several values of the 
critical increment have been calculated and are appended in Table IV . 
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Table IV. 


Ph 

Critical increment 
(55 to 65°) 

2-3 

71,000 

2-7 

68,000 

3-0 

73,000 

3-5 

88,000 

4-15 

96,000 


Pb. 

Critical increment 
(55 to 65°) 

4-5 

91,000 

4-9 

80,000 

5-43 

74,000 

6-0 

69,000 

6-5 

67,000 


_ These figures cannot be taken as absolute but they are probably correct to 
within ±5000, and the variation with is probably a real one. It is quite 
certain, however, that the critical increment of the heat-inactivation process may 
be taken as being of the order 80,000 cals. 


Biscussion of eesuxts. 

Let us consider in the first instance how the results obtained for pepsin agree 
with those aheady obtained by various workers for other enzymes. The process 
of the heat-inactivation of pepsin has been found to be one which follows the 
theoretical uniinolecular course. Other enzymes for wiiich the heat-inactivation 
process has been showm to be unimolecular are trypsin by Pace [1930], pancreatic 
Mpase by McGilhvray [1930], enterokinase bj’' Pace [19*31, 1], trypsin-kinase by 
Pace [1931, 2], pancreatic proteinase bj^ Pace [1931, 3], and pancreatic amylase 
by Giri [1932], 

The figures given in Tables II and III show that for pepsin the rate of heat- 
inaotivation is minimum and almost constant over a pjj range from about 
3 to 4-5. As the pg- is altered away from this range, however, the rate of in- 
activation increases rapidly for comparatively small alterations in pg . Similar 
behaviour for the alteration in the rate of heat-inactivation with pg is reported 
for yeast saccharase bjr Euler and Laurin [1919] the minimum rate being at 
Pg 4 to 5. 

In the case of trypsin, a new method of preparation has been developed by 
oithiop [1932, 2] w’hieh gives a veryr pure ery^staUine trypsin having the 
properties of a protein. The rate of mactivation for the trvpsiii prepared in this 
way is minimum at pg 1-8. 

It is therefore seen that although the general behaviour of the rate of heat- 
inactivation with respect to change in pg is similar in all these cases, it is not 
1 entical, the mmimum rate obtained in the different cases being at different pg 
values. In the case of the heat-denaturation of oxy^haemoglobin and egg- 
a umin (the protems upon which the most reliable investigations have been 
made) it has been shown by P. S. Lewis [1926, 1, 2] that' the rate of heat- 
denaturation is munmum at the neutrality point of water pg 6-8. 

It may be noted m passing that for neither process does the isoelectric point 
ol the protein or the enzyune appear to have any special importance. 

* stiiking similarity between the twm processes, viz. protein denaturation and 
enpme mactivation, is foiuid in the magnitude of the critical morements. The 
value obtamed for crystalline pepsin above is of the order 80,000 cals., agreeing 
mth the value 75,000 given by Arrhenius [1907]. A collection of such data made 
by Haldane [1930] for other enzymes shows values ranging from 26,000 for 
ipase to 189,000 for peroxidase. The critical increment for the denaturation of 
oxyhaemoglobin was found by Lewis [1926, 1, 2] to be 77,000, and for egg- 
a umm 130,000 cals., so that the unnsuaiiy high values are common to both 
processes. 
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A farther point observed in the present investigation is that the critical 
increment varies with pjj, the value being maximum, as one would expect, 
at the range of pg for which the rate of inactivation is minimum. In general, 
other investigators have not determined how the critical increments have varied 
with Ph , but have been content to obtain a mean value which gave them oiity 
the order of magnitude of the critical increment. For yeast saccharase, however, 
Euler and Laurin [1919] have shown that the critical increment is maximum 
at the pjj range over which the rate of inactivation is minimum and falls off 
rapidly as thopg is altered awa}?- from this range. Booth [1930], working in this 
Laboratory, has sliowm, by examination of the denaturation results of Lewis 
[1926, 1, 2] and Gubin [1929] supplemented by further experimental determina- 
tions, that the critical increiiient of the heat-denaturation of oxyliaenioglobiii 
behaves similarly with respect to change in , being maximum at the for 
which the rate of denaturation is minimum (6*8),. and decreasing as the is 
altered away from this value. 

The comparisons made above therefore show that not only does pepsin 
behave as a protein, thus confirming the conclusion of Northrop, but that the 
heat-inactivation of pepsin is analogous to the heat-denatiiratioii of egg-albumin 
or oxyhaemoglobin, 

SUMMAKY. 

1 . Crystalline pepsin has been jDrepared by the method of Northrop, and tests 
have been made to ensure tliat the product obtained was identical with that of 
Northrop both in general properties and in specific proteolytic activity. 

2. All activit}^- concentration curve for this pepsin has been obtained using 
the alcohol-titration method of Willstatter and Waldschmidt-Leitz, and this 
curve has been used as a standard in the subsequent investigation of the heat- 
inactivation process. 

3. The process of lieat-inactivation is found to follow the theoretical 
iinimoleciilar course. 

4. At a given temperature the rate of heat-inactivation varies wdth pjj , being 
minimum at a range from 3 to 4*5 and increasing rapidly wdieii the Pu is 
altered from this range tow^'ards either the more acid or alkaline regions. 

5. The effect of temperature on the rate of heat-inactivation has been 
examined and is found to be very marked. The critical increment of the process 
is found to be of the order 80,000 calories. 

6. The critical increment is found to vary with being maximuiii 
(96,000 calories) at the pjj range for which the rate of inactivation is minimuni 
aiici decreasing to a much low^er value (70,000 calories) in the more acid and 
allcaiine regions (pu 2*3 aiid_pjj 6-0). 

7. The results obtained are compared with those obtained hj other investi- 
gators for various eiiz3mies and also with the results obtained for the heat- 
denaturation of proteins. It is shown that the two processes, the lieat-inactivation 
of enzymes and the heat-denaturation of proteins, are analogous, in all but one 
point, viz. the location of the minimum speed, for which no explanation can be 
offered at present. 

The above work was carried out under the direction of Prof. W. C. M. Lewis 
to whom the writer is indebted for belp and advice. 
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IIL THE ELECTROPHORETIC BEHAVIOUR OF 
LECITHIN-CHOLESTEROL DISPERSIONS^ 


By CHRISTOPHER WILLIAMS PRICE. 

From the Miispratt Laboratory of Physical and Electro-Chemistry, University 

of Liverpool. 

{Received September 26th, 1933.) 

The work described in tliis paper is a continuation of that commenced 
H. I. Price and Lewis [1929] and extended by Jones and Lewis [1932]. 

The former measured, by means of a d^mamic method, the surface tension of 
aqueous dispersions of pure lecithin as a function of p . It was found that a 
maximum value of the surface tension occurred at pj^ 2-6 (approx.) in close 
agreement with the value of the isoelectric point (pjj 2-7) found b,y Fiigii 
[1923-24] from distribution measurements^. The surface tension falls to a very 
marked minimum on either side of the maximum referred to. 

Jones and Lewis investigated the effect of the presence of pure cholesterol in 
the lecithin dispersion. It was found, using the same surface tension method as 
H. I. Price and Lewis [1929], that the addition of cholesterol, whilst leaving the 
general capillary behaviour of lecithin as a function of pjj unchanged, neverthe- 
less introduces modifications of the surface tension values. The most important 
modification is a shift in the position of the maximum in the surface tension- 
Pjj curve from pjj 2-6 to p^ 4. 

This apj)ears to indicate a corresponding shift in the position of the isoelec- 
tric point. But, as pointed out by H. I. Price and Lewis the evidence is not 
sufficient to make this certain. It is with this point, in the main, that the present 
work on the electrophoresis of lecithin-cholesterol mixtures deals. 

EXPERIMENTAXi. 

Pure lecithin, prepared by the method of Leveiie and Rolf [1927], was used 
for these measurements. 

Cholesterol itself does not disperse in water. It is, however, peptised by 
lecithin and is easily dispersed in the presence of this substance. 

The method of preparation of dispersions of the mixed material was similar 
to that used by Jones and Lewis [1932]. Equimolecular weights of lecithin and. 
cholesterol (approximate^ 2 g. of lecithin : 1 g. of cholesterol) were dissolved 
together in ether. The ether was then evaporated at room temperature. The 
whole of the mixture was dispersed by shaking with the correct quantity of 
water and the dispersion kept in an atmosphere of nitrogen. The dispersion was 
found to be quite stable and no separation of either of the constituents took 
place. 

^ The value of the effective isoelectric point of lecithin has since been determined directly by 
electrophoresis measurements and found to agree with the value pu 2*7 [cf, C. W. Price and Lewis, 
1933]» 
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For the electrophoretic mobility measurements, ahquot parts of the above 
dispersion were diluted with citrate buffer to give a dispersion containing 
0*05 % lecithin and the requisite proportion of cholesterol. 

The apparatus and method of measuring the mobility and also the method 
of preparing and buffering the dispersions follow that recently described by 
C. W. Price and Lewis [1933]. The addition of 2 % of sucrose to the dispersions 
was found again to facilitate the adjustment and maintenance of a sharp 
boundary without affecting the mobihty in any w^ay . 

The values of the velocities obtained in cin./sec, w^ere corrected to 20° by 
multiplying by the factor , where and rj^o are respectively the viscosities 
of water^ at the temperature of measurement and at 20°. 

As before, the values below 7 were measured by the gold qiiiiihydi^one 
electrode [Oorran and Lewis, 1924]; for higher values of pjj the glass electrode 
[Harrison, 1930] w^as used. 

A representative record of an electrophoretic mobility determination is given : 

Composition of the dispersion, 0*05 % lecithin; 0*025 % cholesterol (approx.)* 
2 % sucrose; M/lOO citrate buffer. 

Composition of the siipeT-natant liquid: citrate buffer of the same ionic con- 
centration and pjj (to within 0*01 pg- unit) as the dispersion. 

Temip., 20*5°; pjj = 5*87; current, 3*0 milliamps; potential gradient, 
2*80 volt/cm. 

Movement of boundary : 


Anode limb 

Cathode limb 

Time 

(upwards) 

(downwards) 

(mins.) 

0-0 

0-0 

0 

5-5 

5*0 

10 

10-5 

10*5 

20 

15-5 

10*0 

30 


Mean movement, 15*75 scale divisions in 30 mins. (1 scale division = 
0*043 cm.) 

Electrophoretic velocity under a potential gradient of 1 volt/cm. at 
20°=13*0xi0~5cm./sec. 

Table I shows the variation of the electrophoretic mobility with pjj of 
dispersions of mixtures of lecithin and cholesterol in equiniolecular proportions. 

Table I. Showing the variation of electrophoretic niobilik/ ivith p_g- values of 
dispiersions of 7nixed lecithin ami cholesterol. 


(The sign denotes the sign of the charge.) 


Vn 

Electrophoretic velocity under a 
potential gradient of 1 volt/cm. 
at 20*^ cm ./sec. 

8*15 

-28*5x10“^ 

6*95 

-23*6 „ 

6*48 

- 19*4 „ 

5*87 

- 13*0 „ 

5*22 

- 10*65 „ 

4*89 

- 9*9 ,, 

4*05 

- 7*65 „ 

3*30 

- 4*6 „ 

2*51 

+ 4*9 „ 

2*30 

+ 10*4 „ 


^ The ratio '>7^,/7?2o for the solutions used is not sensibly different from that of water at the same 
temperature. 
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In order to compare the behaviour of the above mixture of lecithin and 
cholesterol with that of lecithin alone, the mobility-^g- curve for lecithin, re- 
produced from the above-mentioned publication of C. W. Price and Lewis, is 
plotted as a dotted line and the data of Table I as open circles in Fig. 1. 


3 •< 5 6 7 S 9 

Pa- 


Lecithin. © lecithin and cholesterol. 

From Fig. 1 it will be seen that the addition of an equimolecular proportion 
of cholesterol to lecithin has no effect on the electrophoretic behaviour of the 
latter substance. 

Discussion. 

Combination of lecithin with glueosides, enzymes, cholesterol, proteins etc. 
has been described in the literature. It is not possible, however, in the majority 
of these eases, to differentiate between true molecular compounds, adsorption 
complexes (due to local interaction at certain positions on the mutual surfaces) 
or merely mechanical mixtures. Loewe [1912] considers that the majority of 
these so-called combinations are adsorption complexes. 

Moravek [1927] claims to have shown that actual compounds are formed 
between lecithin and cholesterol and gelatin. Fo evidence, however, is available 
to show whether, in the absence of the third substance, combination between 
lecithin and cholesterol takes place, although the surface tension results of 
Jones and Lewis [1932] point to a union of some sort. 

As previously pointed out, cholesterol will not form a dispersion in water. It 
is, however, peptised by lecithin and is easily dispersed in the presence of this 
material. It is quite possible, therefore, that cholesterol behaves merely as an 
“inert’’ body, its particles in a lecithin dispersion taking on the mobility of that 
dispersion in much the same way that an “inert” quartz particle in a protein 
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dispersion takes on the mobility associated with the protein itself. In other 
words, the two substances most probably exist together, in a dispersion, as an 
adsorption complex. 

Further, it will be observed that no change in the position of the isoelectric 
point results from the addition of cholesterol to lecithin. It follows therefore 
that the points of union in the adsorption complex do not involve the amphoteric 
groupings of the lecithin or the groups which carry the charge due to adsorbed 
ions. 

Clearly a shift in the position of the maximum in the surface tension-p^ 
curve does not necessarily imply a corresponding shift in the isoelectric point. 
This is borne out further by the effect of calcium chloride upon the surface 
tension maximum and electrophoretic speed respectively; the maximum beiiio- 
shifted towards the more acid region, the effective isoelectric point to . the 
alkaline side. 

SUMMAEY. 

The mobility -pjj relationship of dispersions of lecithin + cholesterol in equi- 
moleciilar proportions has been determined. It is shown that no change in 
the mobility at various values or in the position of the isoelectric point is 
produced by the addition of cholesterol to iecithiii. It follows that the bonds or 
groups responsible for the formation of the lecithin- cholesterol complex cannot 
be the amphoteric groups of the lecithin or those on which ion adsorption takes 
place. 

In conclusion the witer wmuld like to express his thanks to Prof. W. C. M. 
Lewis, under whose direction this work was carried out. 
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CCXLIL A SUBSTANCE INHIBITING BACTERIAL 
GROWTH, PRODUCED BY CERTAIN STRAINS OF 
LACTIC STREPTOCOCCI. 

By HUGH EOBINSON WHITEHEAD. 

From the Dairy Mesearch Institute^ Massey Agricultural College, 
Palmerston North, Neio Zealand. 

{Received October 3rd, 1933.) 

Among the bacteria there are many instances where growth of one organism 
renders the medium unfavourable for growth of some other type of organism ; but 
cases where an organism militates against growth of other strains of its own 
species, except by accimiulation of the normal end-products of growth, are rare. 
The following account deals vdth an investigation into the biochemistry of two 
strains of lactic streptococci wliich produce during their growth some substance 
which very strongly inhibits the growth of other strains of lactic streptococci. 
The organisms were isolated from milk in the course of an investigation of 
trouble occurring during the iiianufacture of Cheddar cheese in a dairy factory 
[Wliiteliead and Riddet, 1933]. As is 'well knovm, development of lactic acid in 
the milk and curd is an essential part of the process of cheese manufacture, and 
the formation of acid can occur only if the lactic streptococci wdiich are added as 
a “'starter’’ culture grow readily in the millr and ferment the lactose. In the 
particular case under investigation most of the milk received at the dairy factory 
readily supported the growth of lactic streptococci and hence gave no trouble to 
the cheese-maker; but the milk from one particular source of supply proved 
entirely abnormal in that very little acid could be developed in it. The inhibitory 
action of the milk was so marked as to suggest the presence of some strong 
disinfectant, but none could be detected. Moreover, the bacteria present in the 
mill?: as contaminants were cpiite active, since added methylene blue was rapidly 
decolorised. The various types of bacteria present in the milk were isolated in 
pure culture, and it was found that there w^ere present in large numbers some 
Gram positive cocci which, when allow^ed to grow in any sample of normal milk, 
rendered it unsuitable for the subsequent growth of lactic streptococci and hence 
prevented the development of acidity. Even when the cocci were destroyed by 
heat after they had grown for twelve or twenty -four hours the milk still retained 
its inhibitory power. Thus it became evident that the phenomenon -was not 
due to an antibiosis between living organisms but to the production of some 
heat-stable substance which was inhibitory towards lactic streptococci, ' 

Later, another Gram positive coccus which produced a similar effect was 
isolated from a sample of milk obtained from quite a different locality. There 
was a slight difference in this case in that the coccus itself produced appreciable 
quantities of acid. Thus milk in which this organism wms growhig appeared to 
allow acid production by lactic streptococci to proceed quite normally. When 
however the milk was pasteurised or sterilised, lactic streptococci were strongly 
inhibited just as was the case in the first example. 
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It was of interest therefore to classify these two iiiiiisiial organisms and to 
attempt to determine the nature of the substance which they formed during their 
growth. 

Nature mid reactions of the two orgamsnis. 

Both organisiiis proved to be lactic streptococci. The only significant 
differences between them were in the rates of acid production in milk and the 
various sugars which they fermented. The first organism (9 S) produced acid very 
slowly, taking three days at 30° to clot milk; it had a tendency to grow in chains 
of six to ten units. The second organism (D 1) produced acid much more rapidly; 
milk was clotted in one day at 30° or in two days at 20°. Both organisms pro- 
duced fZ-lactic acid from lactose and hence are included in the group of lactic 
streptococci according to the classification of Orla-Jeiiseii [1919]. The organisms, 
lilve all lactic streptococci, were rather strict in their growdh requirements ; they 
grew only very slowly in the absence of a fermentable sugar from the iiiediuna. 
The best growth (as small clear colonies) was obtained on an agar containing 
whey from milk and an extract of yeast. Neither organism liquefied gelatin or 
reduced nitrate. Both organisms rapidly produced a reducing potential in milk 
at 37° as evidenced hj the rapidity wdth which their milk cultures reduced 
methylene blue to the leuco-base. The sugar reactions were determined by growth 
ill a peptic digest oi caseinogeii (0-5 % total N) containing 2 % of the various 
sugars; the time of incubation was 14 days at 20°. 

Table I. 


Parts per thousand of lactic acid produced. 



Gly- 

cerol 

Xylose 

Ara- 

binose 

Rham- 

nose 

Sor- 

bitol 

Man- 

nitol 

Fruc- Glu- 
tose cose 

Man- 

nose 

Galac- 

tose 

9S 

0-0 

0-0 

0-0 

0-0 

0-0 

0*0 

4-0 4-0 

3’8 

2-7 

9S 

0-0 

0-0 

0*0 

0-0 

0-0 

0*0 

5‘9 5-8 

3-8 

4*0^^ 

D1 

0-0 

04 

04 

04 

0-0 

0*0 

5-S 5-2 

5*2 

34 


Sucrose 

Maltose Lactose 

Ilaffinose 

Inulin 

Dextrin 

Starch 

Salicin 

9S 

0*0 

0-4 


4-5 

0-0 

0-0 

0-0 

0-0 

0*0 

9S 

0-0 

0-5 


5-8 

0-0 

0-0 

0-0 

0-0 

0-9^* 

D1 

6-7 

3-6 


5*9 

0-0 

0*0 

2-9 

1*3 

3*8 


Medium had 10% yeast extract added. 


^ xlccording to Orla- J ensen’s classification these reactions would indicate that 
9S was a strain of Stre^p. creuioris. D1 resembled Strep, rnastiditis in its reactions, 
except for its rather active habit of growth in milk. On the whole there was 
nothing to distinguish these tw^o organisms from the majority of those present in 
the mixed cultures of lactic streptococci used as ‘ 'starters in cheese iiiaiiu- 
facture, except their ahihty to produce the inhibitory substance which had first 
drawn attention to them. 

Method used for detechon of the ‘jyresence of the inhibitory substance. 

The method used throughout the experiments for the demonstration of inhibition of acid 
production was as follows. 150 cc. of each milk to be tested were adjusted in temperature to 30®; 
1 go of a t'wenty-four hour culture of lactic streptococci was added and the mixture was maintained 
at 30 for half an hour. 0*2 cc. of rennet solution was added, and after a further hour at 30° the 
clotted milk w’as cut into pieces about J inch square. The mixture of curd and whey was incubated 
at 37 for two hours, and then the whey w^hich had separated w'as drained off as completely as 
possible. The curd was kept at 30° for a further two hours, after which time the fresh lot of whey 
which had exuded was drained off and titrated with xY/10 NaOH. A final titration was carried out 
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on the wliey wMcli drained from the curd during a further period of one hour at 30°. The two 
acidity values obtained were expressed as percentages of lactic acid. The figures obtained in this 
way give an indication of the total amount of acid formed by the streptococci during the period of 
the experiment ; the difference between the figures gives a measure of the rate of acid formation. 

Tiie test described above is of course only of comparative value as between 
various samples of milk tested at the same time. Various factors (in particular ^ 
variations in the acid-prodiiciiig power of the culture of streptococci used) make 
comparisons of tests carried out on different days impossible. Whitehead and 
Cox [1932] have indicated the technical applications of the above process as a 
means of making determinations of the activity or vitality of various cultures of 
lactic streptococci in several samples of the same milk. The process lias been 
termed the “vitality" test'” and is of considerable use in the testing of ^'starters” 
used in the process of cheese manufacture. In the present instance the vitality 
test was used as a means of testing the inhibitory power of various milk sample s, 
and of milk to which various additions had been made, on the production of acid 

the same culture of lactic streptococci. 

Infiueiice of groivth of Streptococcus 9 S on millc. 

1. Fresh skimmed milk which had been steamed for half an hour was inocu- 
lated with a culture of 9 S in inilli and allowed to stand at room temperature 
overnight. Next morning the milk still had an acidit}^ within the range con- 
sidered normal for fresh milk (actually 0*16 % as lactic acid) and contained 
approximately 50 x 10® cocci/cc. as determined by a direct count under the 
microscope. Methylene blue added to a sample of the milk was decolorised in 
half an hour at 37°. One portion of the milk was pasteurised at 63° for 
30 minutes and a second portion was steamed for 30 mmutes. Vitality tests were 
then carried out on the raAv, pasteurised and steamed sainplesj and also on a 
portion of uninociilated milk, 1 % of a mixed culture of lactic streptococci being 
added to all the samples (Table II). 

Table II. 

Acidities as % lactic acid. 

Kaw Pasteurised Steamed 

inoculated inoculated inoculated Control 

First acidity reading 0-16 0-13 0-15 0-33 

Second acidity reading 0*18 0*11 0-15 0-54 

Increase 0-02 - 0-02 0-00 0-21 

These results are typical of those obtained in many similar experiments. The 
apparent decrease in acidity in the pasteurised sample is not significant since the 
experimental error may on occasion amount to 0*05. The results mdicate that 
the growth of 9 S had so influenced the milk as a medium for normal lactic 
streptococci that their power of producing acid was almost completely iiiMbited 
for a period of at least six hours. In some experiments the samples of curd were 
maintained at 30° for a further period of twelve hours. The acidity in the whey 
from the inoculated miUi curds then reached a value of 0*8 to 0*9 % lactic acid 
as compared with a value of T1 to T2 % in the controls. Thus the action is 
inhibitory rather than bactericidal in nature. It is comparable with, though 
much more powerful than, the so-called bactericidal action of fresh milk and is 
evidently due to some heat-stable substance formed by 9 S during its growth, 
since the inoculated milk was still inhibitory even after it had been maintained 
at 100° for half an hour in order to destroy the bacteria. 
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2, 111 order to gain some idea of tlie concentration of inliibitory substance in 
a milk in wliicli 9 S had grm^m, an experiment was performed in wliicii various 
quantities of inoculated milk (containing on this occasion 26 x 10® of 9 S per cc.) 
were made up to 150 cc. with normal pasteurised milk (Table III). 

Table III. 


Acidities as % lactic acid. 


First acidity reading 
Second acidity reading 
Increase 


Percentage of steamed Percentage of past, 

inoculated milk in inoculated milk in Control 

normal past, milk normal past, milk normal 


f — 

20 



^ 

r — 


A 

^ 

past . 

10 

30 

40 

10 

20 

30 

40 

milk 

0-32 

0*29 

0-23 

0*20 

0*26 

0*20 

0*16 

0*15 

0*33 

0*60 

0*47 

0*33 

0*26 

0*47 

0*30 

0*21 

0*18 

0-54 

0-28 

0*18 

0*10 

0*06 

0*21 

0*10 

0*05 

0*03 

0*21 


These results indicate that relatively small quantities of the inhibitory 
substance are sufficient to produce a marked iiifliieiice on the development of 
acidity. In some later experiments where more extensive growth of 9 S was 
permitted in the inoculated milk, quantities as small as 3 % "of inoculated milk 
added to normal milk produced a mixture which wms aimost completely in- 
hibitory to acid production. The results in Table III also indicate that the 
inhibitory substance is not completely heat-stable at 100°, for it is evident that 
there is a slight decrease in inhibitory power in inoculated milk which has been 
heated to that temperature. 


Prockictioii of the mhihitory substance in media other than w/illc. 

Several batches of medium were made consisting of a clear broth prepared 
digestion of sugar -free caseinogen to which were added 2 % of each of 
the five sugars which 9 S had proved capable of fermenting. After sterilisation, 
the media were inoculated with 9 S and incubated at 30° for four days. 25 cc. 
of each of the cultures were then made up to loO cc. with normal pasteurised 
milk, and the mixtures w^ere subjected to the vitality test. In every instance 
there was a complete inhibition of acid production, whereas in appropriate 
controls containing the iminoculated media, acid production was normal. 9 S 
gave practically no growth in the caseinogen broth alone and, as would be 
expected, produced no measurable amount of inhibitory substance. It was thus 
impossible to determine by an experiment such as this whether the substance was 
formed from an^ffiermentable sugar or whether it wms formed from protein material 
whenever growdh of the organism wm.s stimulated by the presence of a sugar. 

Influence of the inhibitory substance on the increase in numbers of lactic 
streptococci in milk. 

Although it seemed most likely that the results in the foregoing experiments 
were to be explained by inhibition of the growth of lactic streptococci, it was 
deemed desirable to determine whether this w^as actually the case or whether the 
streptococci were increasing in numbers wdthoiit displaying their usual fermen- 
tative activity . Two identical samples of pasteurised milk were taken and to one 
was added 10 % of milk containing inhibiting substance ; both w^ere inoculated 
with 1 % of a tw^enty-four hour culture of normal lactic streptococci and 
incubated at 30°. At various intervals from the time of inoculation samples were 
taken, ^ and the numbers of streptococci were estimated by direct count under 
the microscope according to the method of Breed and Brew [1916] (Table IV). 
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Table IV. 


Numbers of streptococci in millions 


Time in liours 

Control 

Experimental 

4 

22 

17 

11 - 

50 

13 

3l 

285 

20 


537 

14 

6 | 

804 

14 


— 

200 

12 

1000 

218 

14 

1000 

436 


Tlie acidities of the control and experimental milks after fourteen hours were 
0-84 and 0-52 % as lactic acid respectively. From these results it is evident that 
the inhibitor}" substance acts b}?- delaying the multiplication of the lactic 
streptococci and not by interfering only with their fermenting power or other- 
wise modifying their habit of growth. The streptococci which finally grow in a 
iiiediiim con.tainiiig the inhibiting substance have a normal appearance under 
the microscope. 


Partial isolation of the inhibitory substance and 
determination of its 'proi^erties. 

Two litres of sterilised skimmed milk were inoculated with 9 S and allo'wed 
to stand overnight at room temperature. Next morning the inillc contained 
approximately 170 x 10® cocci per cc. Vitality tests show"ed that 7 % of this milk 
culture added to normal milk w'as the minimum amount which would completely 
inhibit acid production by normal lactic streptococci for a period of six hours. 
Calcium chloride and rennet were added to the main bulk of the milk and t.lie 
firm clot which formed was broken to allow the whey to separate. 1500 ec. of 
clear whey were obtained by filtration. Vitality tests slio'wed that about 14 % 
of this whey added to normal milk gave a complete suppression of acid production 
by lactic streptococci. One litre of the whey was evaporated in vacuo at a 
temperature not exceeding 50° until its volume was reduced to 200 cc. This was 
poured into 800 cc, of absolute alcohol, and the bulky precipitate formed was 
filtered off. The filtrate was evaporated to dr3mess and extracted with absolute 
alcohol, and the insoluble material was again removed by filtration. The alcoholic 
solution was evaporated to dryness and the resulting glutinous residue (approxi- 
mately 2 g.) was dissolved in 50 cc. of distilled water. Vitality tests showed that 
2 % of this solution added to normal milk was the minimum amount necessary 
to inhibit acid production completely. Making allowance for the concentration, 
this corresponds to only 40 % of tke orighial whey. Some of the inhibitory 
substance was shown to be present in the material soluble in 80 % alcohol but 
insoluble in absolute alcohol, so that it is possible that the substance (if it is a 
single eiitit}^) is not freely soluble in absolute alcohol. The concentrated solution 
of inhibitory substance, prepared as described above, was not inactivated when 
heated at 100° for 30 minutes. 

Ill order to determine whether the substance were of protein nature some 
experiments were carried out to test the action of pepsin and trypsin upon it. 
The reaction of the concentrated extract was about pjj 4. A portion of it was 
adjusted to pg- 8 with NaOH to favour the action of trjrpsm. Portions of 5 cc. 
were treated according to the following scheme, then made up to 150 cc. with 
normal pasteurised milk and subjected to a vitality test (Table V). 
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Table V. 


L 

2 . 

i.* 

4. 

o. 

6 . 


5 cc. extract 

,5 + 1/30 cc. 10 % pepsin solution 

o cc. adjusted extract 

SS 

-r 1/30 CC. trypsin solution 

J!> 99 59 99 


All the above tubes were incubated at 37° overnight, then tubes 3, 5 and 7 were pasteurised at 
63° tor 30 iniiiutes. 


Vitalitij tests on above samples made up to 150 cc, ivitk normal pasteurised niilk. 


i^cidities as % lactic acid. 


Control Control 


1 

Fii'st acidity reading 0-12 
Second acidity reading 0-11 

Increase - 0-Oi 


2 

3 

4 

5 

6 

0*13 

0-13 

0-14 

0-15 

0-19 

0*14 

0*12 

0-23 

0-24 

0*47 

0-01 

-0-01 

0-09 

0-09 

0-28 


7 

milk-f- milk-;- Control 
pepsin trypsin milk 

0-19 

0-19 

0*21 

0*20 

0*42 

047 

0-51 

0*51 

0-23 

0*28 

0-30 

0-31 


Tiiese results serve to define quite clearly the nature of the inhibitory sub- 
stance. ^It is evidently a protein derivative {proba.-bly a polypeptide) which is 
readity destroyed by trypsin but is resistant to the action of pepsin. There is also 
an indication that incubation at 87° after adjustment to 8 causes a weakening 
in power, probabty due to a hydrolytic effect. In other experinieiits on similar 
lines, but in which the extract was heated to boiling-point after adjustment to 
jPh S, the loss in power wxas greater, although with 9S the inhibitory action was 
never completely eliminated by this treatment. 


Production oj inhibitory substance by Stre|)tococciis D 1, 

As has a;h*eady been mentioned Streptococcus D1 differed from Streptococcus 
9 S in that it formed rather more acid during its growbli in milk. Milk in which 
the organism had grovni did not appear iiiliibitoiy to the grovffh of normal 
amd-prodiicing streptococci unless D 1 had first been destro^md by pasteurisation. 
Thus in an experiment on mill^ in which D1 had grovui until its numbers 
amounted to 60x 10® per cc., the results of vitality tests were as follows. 


Table VI, 

Acidities as % lactic acid. 

Raw inoculated Past, inoculated Control 
First acidity reading 0-28 0-11 0-38 

feecoiid acidity reading 0-59 0*10 0-66 

I^c^^ase 0-31 -0-01 0*28 

Thus in the case of this organism either its owm acid-prodiiciiig power coiinter- 
a anced the loss in acid production dne to inhibition of the normal streptococci, 
or else the inhibitory substance was not finally formed in the miHc until the latter 
was heated. In most other respects the substance proved to have properties 
very siruilar to those of the substance produced by 9 S. It differed mainly in its 
sensitivity to alkali. A concentrated extract of the substance in several experi- 
ments completely lost its power when it was adjusted to pjr 8 and incubated at 
87° overnight. ^ 


GR0WTH4NHIBITAOTS PRODUCED BY STREPTOCOCCI 1799 


ActioQi of the inhibitory substances on pure cultures of bacteria. 

Tlie substances produced by both. 9S and D1 were tested on various pure cul- 
tures. Both seemed to have a powerful action on the several cultures of lactic 
streptococci which were tested ; neither restrained in any waj?^ the growth of a 
single strain of Bact. coli and of a strain of B. subtilis. The single instance up to 
the present w^here there has been a significant difference betw^eeii them has been 
ill their action on a strain of Lactobacillus acidophilus. The substance formed by 
D 1 was markedly inhibitory towards grovdh of this organism whereas the sub- 
stance formed by 9 S was not. These observations need to be extended. 

Discussion. 

It is evident from tlie foregoing results that the two strains of lactic strepto- 
cocci described possess a property which has hitherto been unobserved with this 
species of bacterium. The significance of the formation of the inhibitory sub- 
stances is evident in connection with any process in which lactic streptococci are 
used as biological agents for the development of acid. The formation of such 
substances in milk has already explained satisfactorily a diffi.cuity which some- 
times occurs during the manufacture of cheese. Moreover the reaction is of 
fundamental interest in the matter of the classification of the lactic streptococci. 
It remains to be seen -whether the property of forming the inhibitory substance 
is a stable characteristic of these organisms. Up to the present time cultures in 
the laboratorjT-, reso-\TO every two or three days in sterilised milk, have retained 
the property — in the case of 9 S for seven months, and in the case of D 1 for four 
months. The phenomenon would assume still greater signiiieance if it w^ere 
shown that normal lactic streptococci could ever acquire the property. Strains 
of streptococci vary so iiitich in their properties from time to time that this is 
quite within the bounds of possibility. 

If, however, these tw^o strains of streptococci represent stable types the 
problem of their origin is of fundamental importance. Much attention has been 
devoted in the past to the question of abnormal milk which is inhibitory to the 
growdh of lactic streptococci, since it influences the process of cheese maiiiifactiire 
so markedly. Leitcli [1933] gave a comprehensive review^ of the matter and 
conducted experiments wiiicli indicated quite clearly that the inhibitory milk 
wfith which he w^as dealing was derived from cow^s suffering from udder disease, 
presumably streptococcal mastitis. Although he w^as of the opinion that the 
inhibitory factor w'-as present in the milk as it came from the cow, it seems possibles 
ill view of the fact that one of the streptococci described above is almost identical 
with Stre]). mastiditis, that the inhibition observed by Leitoh in milk iiiiglit have 
been due to a formation of inhibitory substance by streptococci from the cow’s 
udder, after the mill?; wiis cb-awii. Leitch also mentioned that he had obtained 
evidence that the inliibitory factor was associated wdth the milk-albumin. He did 
not give details of the evidence, but the suggestion that the inliibitory factor w^as 
of protein nature presents a further point of similarity -wdth the present findings. 
The biochemistr}^ of the streptococci wdiich are the causative organisms in 
mastitis of the cow needs a more detailed examination before these points can be 
settled. 

SUMMAEY. 

L Two strains of lactic streptococci are described which produce during 
their growth substances having a marked inhibitory action on the grow^tii of 
other lactic acid bacteria. 
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2, Tlie D.atiire of the ialiibitory substances was investigateci and eTidence is 
submitted that they are of protein nature, possibly polypeptides, soluble in 
absolute alcohol and hj^-drolysable by trypsin and alkali but stable towards 
pepsin. 

3. The significance of the properties of the organisms is discussed both from 
the point of view of the classification of the streptococci and from the technical 
standpoint, particular!}^ vith regard to processes like cheese manufacture in 
which lactic acid bacteria are used as a means for the production of acid. 

This work was carried out with the assistance of a grant from the Empire 
Marketing Board. 
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The rather specialised conditions of growth to ^vhich the calcareous algae are 
subject as a result of a thick incrustation of calcium carbonate [Haas and Hill,, 
1933] provided the motive for the present investigation. The results here com- 
miinicated are concerned only with the isolation of the galactoside floridoside 
and of a new pentapeptide of aspartic acid. 

The material selected for examination was the red alga, Corallina officinalis, 
collected in the early summer of 1932 at Lyme Regis, and the results here 
described were all obtained from the one sample of about 9 .kg. of wet material. 

Prelimiiiai^y experiments had shown that a concentrated hot water extract 
of the weed gave a biuret reaction and a positive Molisch reaction. At the 
outset a known weight of the dried material was dissolved in an excess of 
standard hydrochloric acid and by back-titration it was found that the amount 
of carbonate, calculated as CaCOg wms of the order of 80 % . This figure was 
sufficient to indicate that considerable quantities of the weed would be re- 
quired, and accordingly cpiantities of 1 kg. at a time of dried material were , 
roughly broken up and extracted three times with hot water; the combined 
extracts were evaporated somewhat and then precipitated with basic lead 
acetate. The filtrate after removal of the lead with sulphuric acid was treated 
with sufficient baryta to remove all sulphuric acid and the solution, still acid 
with acetic acid, w^as evaporated under reduced px^essure before precipitating 
with mercuric acetate. The bulky white precipitate (A) thus formed was filtered 
and w'aslied and further treated as described below (p. 1803). 

The filtrate from A wuxs found to reduce Fehiing’s solution only after hydro- 
lysis ; the absence of pentoses and fructose was established b^?" the usual colour 
tests, but on the other hand oxidation of the crude syrup obtained on evapora- 
tion jdelded miicic acid, indicating the presence of galactose. The filtrate was 
accordingly evaporated under reduced pressure to a syrup (B). Prepared by 
this method the syrup contained considerable quantities of acetates, and it wm-s 
not to be expected that a sugar would ciystallise from this mixture. Extraction 
of the syrup with alcohol also yielded no crystallisable extract. 

A different line of attack was therefoi*e indicated, and this was, provided by 
the work of Colin and Guegiii [1930, 1, 2] who, extending the work of Kylin 
[1915], succeeded in isolating from Rhodymenia palmata a considei^able quantity 
of a crystalline carbohydrate which, as in the case of the syrup B, did not 
reduce until after h^T'drolysis and also yielded mucic acid on oxidation. In a 
later paper these authors were able to show that this substance, which had 
been described by Kylin as trehalose, was in fact a galactoside of glycerol to 
which they gave the name of floridoside. 
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In riew of the possibility that Corallina might iil^ewise contain this substance 
it was decided to work up some fresh material following the procedure adopted 
by the above authors for isolating floridoside from Eliodymenia, Accordingly 
250 g. of air-diied Corallina were extracted three times with hot water; Sie 
combined extracts were evaporated to about 200 cc. and treatedxvith four times 
their volume of absolute alcohol ; after some time the supernatant alcohol iras 
poured off from a browui gummy deposit consisting of the peptide to be described 
later together with salts; the alcoholic solution was then evaporated to 200 cc. 
and the residue treated with eight times its volume of alcohol ; after standing, 
the solution was filtered and once more evaporated under reduced pressure to 
a syrupy consistency ; this w-as extracted with alcohol and the extract evaporated 
to diyiiess and kept in a vacuum desiccator. Repeated attempts to induce it 
to 3 deld an^^ crystals of floridoside were imsiiccessfiiP. 

Having thus failed to isolate the carbohj-drate by crystallisation from the 
syrupy extracts obtained by either of the two methods des^aibed, it was decided 
to tiy to isolate the substance b}^ conversion into an acetyl derivative. With 
this end in view 2 g. of sjnup were heated over a gauze with 4 g. of acetic 
anh 3 ?-drid 0 and 2 g. of anh3ulrous sodium acetate, the mixture being continuously 
stirred until it just boiled, whereupon heating "was at once stopped; the re- 
sulting viscous 3 'eliow-browm mass was allowvcl to cool and poured into w’-ater 
and extracted three times "with ether. The ethereal extract, after washing free 
from acid with water and sodium carbonate, was dried and evaporated. A clear 
light yellow’ S 3 'riip, 'vreighing about 0*6 g. resulted, which deposited cr3^stais 
overnight; the latter were separated from the syrup 3 ’ mother-liquors b 3 " stirring 
with a little cold alcohol and, after pressing on a tile, weighed about 0-2 g. This 
substance was soluble in hot alcohol, eth^d acetate, a,cetoiie, benzene or ether, 
but insoluble in light petroleum ; it w^as reciystailisexi from a mixture of alcohol 
and light petroleum, from wdiich it separated in aggregates of radiating prisms 
melting at lOO-lOR. (Found: C, 49-82; H, 6-1)4%. ■Calc, for C^iHgoOi^: 
C, 49-80; H, 5-92%.) These figures agree for the liexa-acetyd derivative of 
floridoside, a compound wdiich had not been previousl 3 ^ described; its specific 
rotation "was [a]^) -7-108*5°, in acetone solution. 

Isolat ion of floridoside, 

111 order to estabHsh the fact that this substance was actually the acetyl 
derivative of floridoside, a larger quantity was prepared and de-acetylated by 
the method of Helferich and Breclereck [1928]. For this purpose 1 g. of the 
hexa-acetate was dissolved in 7*5 cc. of dry ciiloroforiii and cooled to —15°; 
to this were added, wdth constant shaking, 5 cc. of sodiiiiii iiiethoxide ivhose 
titre had been previousl 3 ^ determined with N sulpliiiric acid ; the mixture, W’ hich 
set to a gel, was kept cold for T|- hours and then treated with the amount of 
A sulphuric acid wdiich was equivalent to the sodium metlioxide ; after tho- 
rouglity shaking, the chloroform w^as run off from below and the aqueous alco- 
holic la 3 mr w^as evaporated to cbyness in a vacuum desiccator. The residual 
mixture was extracted repeatedty with absolute alcohol, and the combined 
extracts on evaporation 3 rielded a ciystalhne solid wdiicli separated from alcohol 
in wart-shaped aggregates and melted at 126-127°. (Found : C, 42-38 ; H, 7-12 % . 
Calc, for CgH^gOg: C, 42-52 ;'H, 7-12 %.) A molecular weight deteriiiiiiatioii b 3 ^ 
depression of freezing-point in aqueous solution gave 241. CgH^gOg requires 254. 

^ On subsequently determining tlie amount of reducing sugar produced after hydrolysis of 
the syrup the floridoside content of the dry weed was estimated to be 0*09 %. 



METABOLISM OF CORALLmA OFFICINALIS . 1803 


Colin and Guegiii obtained for their sample a value of 245, by the method of 
plasiiiolysis. 

The specific rotation was [oc] 2 )-f 158*4° as compared with 160° given b}?- Colin 
and Giiegiii. 

A portion of the pure substance when oxidised with nitric acid yielded 
crystals of mncic acid m.p. 213-214°. Another portion was hydrolysed by heating 
for 2 hours at 70° with 5 % hydrochloric acid; after neutralisation and evapora- 
tion the residual product was oxidised with bromine water, wdieii on testing 
with (x-naphthol and sulphuric acid it gave a characteristic green colour, indi- 
cating the presence of glycerol. 

Taking all these facts into consideration it may be regarded as established 
that Corallina officinalis contains fioridoside ; the amount contained in this weed 
is, however, small and as it defied isolation h}^ the method of Coin and Guegiii, 
it is thought that the method of acetylation here described may be useful in 
other cases for establishing the presence of fioridoside when only small quan- 
tities are present. 

Examination of the precipitate A, 

This material was suspended in water and decomposed with hyckogeii 
sulphide: after removing the lead sulpiiide the filtrate was evaporated under 
reduced pressure at 40° ; a yellowdsli-brovm Bjrup resulted which, on keeping 
for some weeks in a vacuum, dried to a friable resinous material D. The 
weight of the crude material obtained from 1 kg. of dried w’-eed was about 8 g. 

This substance was readily soluble in water but insoluble in organic solvents ; 
its aqueous solution was neutral to litmus and gave a marked biuret reaction 
of a reddish-pink tint. 

The material was hydrolysed by boiling in aqueous solution over a sand- 
bath with twice its volume of concentrated hydrochloric acid for 3-| hours, 
after which the solution no longer gave a biuret reaction. 

All estimation of amino-nitrogen gave a five-fold increase after hydrolysis, 
showing the substance to be a peiitapeptide. 

The nature of the product obtained on hydrolysis was determined as follows. 
6 g. of the resinous substance D were dissolved in 10 cc. of water and boiled' 
over a sand-bath with 10 ec. of concentrated hydrochloric acid for 3|- hours. 
The dark brovni liquid resulting was evaporated to dryness over a water-bath 
and left in a desiccator over caustic potash. The residue vfas then taken up in 
water, decolorised with charcoal and filtered; the filtrate, still strongly acid with 
liydroclilorio acid, was treated with caustic soda until the reaction was brought 
to about pjj 3*6, iviien a precipitate appeared which was soluble both in acid 
and in all^aii; it was filtered and crystallised from water from which it separated 
in prisms ; heated in a sealed capillary tube the substance showed signs of melting 
with decomposition at about 270°. 

Analysis' showed the substance to be aspartic acid. (Found: C, 35*84; 
H, 5-26; N, 10*39%, Calc, for C^H^NO^: C, 36*08; H, 5*27; N, 10*53%.) 
Aspartic acid was further characterised by the fact that a cold aqueous solution 
of this substance gave with a solution of copper acetate a deposit of fine blue 
needles of the spariiigft soluble copper salt. 

It is proposed to examine the properties of the peptide more closely when 
more material is available and also to investigate its physiological significance. 
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Summary. 

1. Extraction of the red sea weed, CoraUina qffi.cmalis, with hot water 
yielded a solution containing floridoside and a new pentapeptide of aspartic acid 

2. The floridoside was isolated by conversion into its hexa-acet 3 d derivative 

M.p, lOO-lOr, a coiiipomid which has not been described before; this was then 
de-acetylated and the liberated floridoside was identified b 3 r analysis and by its 
physical constants. ^ 
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CCXLI¥, STUDIES OF THE PHYSIOLOGICAL 
IMPORTANCE OF THE MINERAL 
ELEMENTS IN PLANTS^. 

¥L THE INFLUENCE OF POTASSIUM CHLORIDE ON 
THE RATE OF DIASTATIC HYDROLYSIS 
OF STARCH, 

By WILLIAM OWEN JAMES and MARGARET CATTLE. 

From the Department of Botany, Oxford. 

{Received October 14th, 1933,) 

Thebe a}ipears to be good evidence for the activation of animal diastases by 
a variety of salts, chlorides being the most effective [Haldane, 1930]. The results 
so far recorded for plant diastases are not so unanimous. Thus Sherman and 
Thomas [1915] reported an increased rate both of starch disappearance and of 
sugar production when numerous salts were added to malt diastase, but Sherman 
and Tanberg [1916] found no acceleration of sugar formation hy the diastase of 
Aspergillus Oryzae, tliough Kellerman [1903] had already reported such an 
effect. These scaiit}^ and contradictory results suffer further from the fact that 
the acidity of the digests with which they were obtained was neither controlled 
nor observed, so that complete reinvestigation of the problem with all experi- 
mental precautions seemed the only means of reaching a satisfactory solution. 
This was undertaken as a contribution towards the study of the physiological 
importance of those elements which are derived b3^ plants from the soil, and 
which remain in large part as simple salts within plant cells. 

Experimental. 

All the material used in this investigation was derived from a 1932 crop of 
potatoes var. King Edward. The potatoes were stored in a dark cellar and, for 
a short time before use, in the laboratory. All the experiments to be described 
were carried out during the months May- July -1933. At this late stage the 
tubers had produced small sprouts and were perceptibly softening due to loss 
of w^ater. Large shoots 9-12 inches long with small leaves were obtained from 
some of the tubers b}/ planting them in shallow boxes of sandy soil and keeping 
them moist. Three sorts of tissue were thus available and were used for the 
experiments, viz. tubers, small sprouts, and fairly large shoots. 

Enzyme extracts were obtained from the tubers by peeling, mincing and 
finally pressing out the juice. During these operations the material was kept 
flooded with toluene to prevent bacterial contamination; this also had the 
further result of excluding air and so preventing blackening of the extract by 
oxidase actions which were otherwise very strong. The extract was allowed to 

^ Previous papers of this series have appeared in the Ann, Bot. 1930 et seq., and the Neiv 
Phytologist (in the press). 
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stand for half an lionr, and the liquid could then be decanted free from suspended 
stareh. A shghtly different method was necessary with both the large and small 
shoots, which were ground vigorously with water (15 g, fresh Aveiglit with 25 cc. 
toluene and water) and the extract then filtered tiiroiigii muslin. Subsequent 
dilutions of the extract were made varying with tlie particular experiment to 
be performed. 

Diastatic activity was examined in three different ways : 

(1) by the rate of disappearance of starch; 

(2) by the rate of formation of sugars from starch ; 

(3) by the rate of formation of sugars from dextrin. 

The rate of disappearance of starch was measm-ed by Wohlgemuth’s method carried out in 
narrow glass tubes enabling small quantities and relatively thin layers of solution to be used. 
This was necessary owing to the opacity of some of the enzyme solutions. The digests used 
contained 0-2 cc. of 0*5% solution of Lintner’s soluble starch — 0*05-1 -00 cc. enzyme extract 
■fO'Oocc. toluene with water to make np to 1*25 cc. The tubes were incubated at 35° for a 
suitable time as determined by preiiminarj" experiments; iodine was then added to each tube. 
The tube containing the weakest enzyme solution causing eoinplete disappearance of the starch 
was then noted and the strength of the original enzyme extract calculated. 

The rate of formation of sugars from starch was measured by the Hagedoni- Jensen method 
as modified by Hanes [1929]. Incubation was carried out again at 35"^, the time period required 
usually being 24-48 hour's. Preliminary experiments showed that these intervals lay on the 
linear portion of the hydrolysis progress curve. Lintner’s soluble starch (supplied by B.D.H.) 
was again used as substrate. Three digests were used for every estimation. 

Commercial preparations of dextrin could not be used for the third set of experiments as 
they Avere found to contain a strong inhibitor of the enzyme. 'No linear phase existed in the 
progress curves of their hydrolysis, Arhich Avas very incomplete. The inhibitor could not be 
removed by eiectrodialysis or by controlling the . Dextrin solutions A?ere, therefore, prepared 
in the laboratory from Lintner’s starch by the following method. A thick paste Avas prepared 
by dissolving 12*5 g. of starch in 250 cc. hot Avater, boiling for 10 minutes and cooling to 35-40°. 
The paste Avas strained through mushn AA'lnle stiU w^arm, and 0*25 g. of an actwe takadiastase 
preparation (presented by Parke, DaAues and Co.) added in 25 cc. of Avater. The progress of 
hydrolysis Avas folloAA’ed by spot tests Avith iodine outside the solution. When the iodine colour 
had entirely disappeared, but the red dextrin colour Avas still present, the enzyme AA'as destroyed 
by boiimg for 2 minutes. The dextrin solution thus prepared contains a large amount of reducing 
sugars Avdiich carries the determination oh the scale of the Hagedorn- Jensen method. This Avas 
removed by fermentation Avith an equal volume of 15 % yeast suspension for 3 hours at 35°, 
A stream of air w'as bubbled through the bask throughout the 3 hours. The 3^east could not be 
removed by the usual method of flocculating with alumina cream since after such treatment the 
dextrin preparation inhibited the hydrolysing enzyme. Separation AAms effected by 2 minutes’ 
boiling folloAved by centrifuging at about 3000 r.p.m. A clear solution of the dextrin Avith only 
slight reducing poAA^ers and no enzyme inhibitor could then be decanted. Using this solution as 
substrate the rate of sugar formation by the potato extract was determined as AAdth the starch 
solutions except that the incubation time requked Avas only 1 or 2 hours. 

The action of potassium chloride on the enzyme activity was first examined by adding 5 cc. 
of 0-20 % potassium chloride to 5 cc. of enzyme extract and after a thorough mixing adding 
2 cc. of this mixture to 50 cc. of substrate solution. In all the experiments recorded here the 
original concentration of potassium chloride used Avas 5 % since this amount Avas found to be 
optimum. The final concentration of potassium chloride Avas 0*19 % in the digests Avhere sugar 
formation was examined. In the Wohlgemuth experiments in Avhich the concentration of enzyme 
Avas made to vary the amount of potassium chloride was kept constant relative to the amount of 
enzyme. Control experiments were performed by adding 5 cc. of distilled Avater to the enzyme 
extract. 

All the extracts were strongly buffered by the natural buffer systems at 6, and the frequent 
colorimetric determinations carried out showed that this did not vary Avith the addition of 
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potassium cMoride or any of the other experimental manipulations. The optimum pn of the 
potato diastase was loiiiid to lie between 6 and 6-5. It was therefore unnecessary to add artificial 
buffers wdiieli inevitably complicate the system when salt effects are under investigation. Every 
precaution was taken bj’ the use of toluene and by boiling the solution whenever possible to 
avoid bacterial infection. 

Ill the following paragraphs the results are expressed in terms of the ratio: 

rate in presence of potassium chlo ride 
rate in absence of potassium chloride * 

This method is adopted as it conveys ail the essential facts and avoids difficulties that would 
otherwise arise in expressing absolute rates in units applicable to all the experiments. 


Tubers. 

Tlie rate of starcli disappearance in tlie presence and absence of 5 % potas- 
sium chloride as measured by the Wohlgemuth method in the form already 
described showed an increase due to the salt. The ratio of the two rates of break- 
down was about 1*8. 

The corresponding rates of sugar formation, determined with the same 
enzyme extract, also showed an increase in the presence of the chloride. The 
ratios of the two rates were 1-97 (24 hours’ digestion) and 1-85 (48 hours’ diges- 
tion). 

The Wolilgemutli results can only be regarded as very approximate but in 
view of later evidence the similarity of the ratios acquires a certain significance. 
Numerous repetitions of the sugar determination with further tuber extracts 
gave similar results. 

The rate of sugar formation from dextrin was also examined and the results 
were in sharp contrast witli the above. Two separate experiments each con- 
taining three digests gave the following results : 


Rate with KCI 
Rate without KCI 


Exp. 1 Exp. 2 

1-03 0-98 



There is therefore no activation of the enzyme causing the formation of sugars 
from dextrins. 

Small s^yrouts. 


Three experiments on the rates of starch breakdown 
shoots gave the following ratios : 


Exp. 1 Exp. 2 

Rate w ith KCI 

Rate without KCI ^ ^ 


by extracts of these 

Exp. 3 
1-7 


Considerable activation took place, therefore, though probably not so much as 
ill the tuber extracts. 

The formation of sugars from starch on the other hand showed no accelera- 
tion due to potassium chloride. Experiments were performed with extracts 
from green shoots produced in the light and from aetiolated shoots formed on 
tubers kept coiitiiiuoiisly in the dark. The result was the same in both. 


Rate with KCI 
Rate without KCI 


Enzyme extract from Enzyme extract from 
green shoots aetiolated shoots 

1-00 T02 


This it will be noticed is in sharp contrast with the corresponding result for 
tuber extracts where 80-100 % activation took place. 
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The prodnction of sugars from dextrin was not activated : 


Rate with KCl 
R ate without KCl 


i Exp» 2 

0-95 1-00 


Large shoots. 

The values obtained for the ratio of the rates with and without potassium 
chloride were : 


Starch Formation of sugar Formation of siio-ar 

disappearance from starch from dextrins* 

1-3 — „ 

1*1 1-3'^ 1-00 

— 0-85 

F2 — ___ 

Mean 1*3 1-3 ~~0-93 

Average of four titrations (two digests). 

Activation is evident in the rate of starch disappearance and in the rate of 
formation of sugar from starch, but not in the formation of sugar from dextrin. 

^ The amount- of activation is less than in tubers or in , younger sprouts, but 
it is iiotetvorthy that, as with tuber extracts, tlie ainoiiiit of activation of siwar 
formation is equal to the amount of activation of starch breakdown. 


Discitssiox. 

It is cleai^ fioin the above results that the diastatie hydrolysis of starch must 
he considered in at least twx) stages, each stage involving its own enzyme. One 
enzyme responsible for the immediate breakdowm. of starch molecules to form 
“dextrins’’ is capable of activation by potassiiiiii chloride (and perhaps other 
salts) ^ while another enzyme concerned with the production of sugar from the 
dextrin formed by the first enzyme is not capable of such activation. This is 
tine of all the material w^e have examined as may at once be seen from the 
foregoing section. The rate of formation of sugars from a starch substrate 
expresses the summation of these tw^o processes and the results obtained here 
aie at first sight less harmonious. Extracts from tubers and the larger shoots 
showed an activation but extracts from small shoots sliow-^ed none. A simple 
explanation is provided, how^ever, if we suppose that the tubers and large shoots 
contain relatively little of the starch-destroying enzyme and relatively much 
of the siigar-forming^eiizyme, and that the contrary relationship holds in the 
young sprouts. Then in the young sprouts wdiere the starch -destroying enzj^iiie 
is supposed to be comparatively plentiful an activation of this first eiiz3mie will 
have no effect on the rate of sugar formation because it wdil still be restricted 
by the less active and iiiactivable second enzyme. 

To clinch this argument it is necessar3" show^ that the actual quantities 
of eiizj^me as shown by their activit}^ in the presence of excess substrate have 
the appropriate relative values. To do this directly it wmiild be necessary to 
convert the amounts of starch destroyed into their iiexose equivalents, using 
some arbitrary factor for conversion, and to rety on the values supplied by the 
Wohlgemuth method. A more reliable comparison, having regard to the experi- 
mental data available, can be made comparing the two methods of sugar 
piodiiction. When the first enzyme is more abundant and the “dextrinase” 
enzyme is controlling the rate of reaction the ratio 

Rate of sugar production fr om starch 
Rate of sugar production from dextrin 
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must be 1 ; conversely when the first enzyme is the less plentiful the ratio will 
fall below unity. The values calculated from the experimental results were : 

Tubers 0*050 

Small sprouts 1*149 

Large shoots 0*118 

and therefore provide striking verification for the theory. 

All our results are thus explained by the fact that the starch- dissolving 
eiizj^'ine of diastase can be activated by potassium chloride but that the ''dex- 
triiiase” component camiot. It is interesting to note that the apparently dis- 
cordant results of earlier workers can all be explained in the same way. All the 
experiments performed with a method measuring the rate of starch disappearance 
indicated an activation by the salts employed [malt diastase, Sherman and 
Thomas, 1915; takadiastase, Sherman and Tanberg, 1916; potato diastase 
Haehn and Schweigart, 1923]. Apparently contradictory results were obtained., 
however, when the rate of sugar formation was taken as a criterion, and apart' 
from possible deficiencies of technique, such as lack of control of acidity, these 
differences ma}^ well have been due to different proportions of starch-dissolving 
and siigar-foriiiing enzjmies in the preparations used by the different workers. 

Summary. 

1. The effect of 5 % potassium chloride on the activity of potato diastase 
was examined in extracts of tubers, young sprouts and older shoots. 

2. It was found that the rate of breakdown of starch was always accelerated, 
but that the formation of sugars from dextrin obtained from the starch was 
never accelerated. 

3. Ill the presence of an excess of the substrate, the rate of production of 
sugars from starch was accelerated only if the rate of starch breakdown was 
slow relatively to the rate of formation of sugars from dextrin. This is to be 
expected from the previous results assuming that the dextrin is an intermediate 
product in the hydrolysis of starch to sugars. It furthermore affords a simple 
explanation of the apparent discrepancies between the results of previous workers. 

This work was carried out as part of an investigation made possible by a 
grant in aid from the Department of Scientific and Industrial Pwesearch to whom 
our gratitude is due. 
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CCXLV. THE MICRO-DETERMINATION OF 
PHOSPHORUS AS PHOSPHOMOLYBDATE. 

By KOBERT henry ADERS RLBEVIER. 

From the Chemistry Department, St Thomas’s Hospital 
Medical School, London. 


{Received October 17th, 193,3.) 

The oxidation of organic matter with sulphuric and nitric acids and the esti 
matron of ammonium phosphomolybdate volumetricalJy was introduced into 
biochemical work bj^ Neumann [1902], Plimmer and Bayliss [1906] found that 
the precipitation was not certain and the filtration was slow and liable to error. 
They defined the conditions for preeii>itation, introduced a new way of rapid 
faitration and proved the accuracy of the method for quantities of phosphorus 
langing from 10 to 20 mg. Gregei-sen [1907] also determined the conditions of 
precipitation and found the method accurate for 1 to 30 mg. of phosphorus 
Yoerner [1908] confirmed the accuracy of the method. Other workers, Raper 
fiQom’ Jodidi and Kellog [1915], Kleinmann [1919], Iversen 

Sorensen [1925], Macheboeuf 
[li i;bj and blatter [1933] have maintained eitlier that the method is inaccurate 

cpmntities below 0-1 mg. Greenwald 
[1 Jlo] and .Caylor and Miller [1914] hoiveyer obtained satisfactory results with 
quantities of 0-015 to 0-12 mg. Pregl [1930], who weighed the precipitate, re- 
garded the process as accurate and quotes Lieb as proving the method applicable 
voiiinietricaily to 0-03 mg. 

Smce excellent results are generally agreed to be given wdth from 0- 1 to 10 mg 
there seemed no reason for the failure with 0-01 to 0-1 mg. Having used the 
method for estimating 1 to 30 mg. since 1906, we were interested to ascertain 
le leason for the general failure with the micro-quantities. 


Experimektal. 

It was shown by Plimmer and Bayliss [1906, p. 441] that the condition for 
complete precipitation of ammonium phosphomolybdate was the presence of 

^ ammonmni nitrate (17 g.) solution for 10 cc. of cone, siilphiiric 

aci ' ^ in a \ olume ol about 200 cc. The same conditions were applied to the 
precipitation of micro-quantities of phosphorus from 0-01 to 1 mg., but with 
sma ei quantities of reagents and in a smaller flask. In all experiments there 
was complete preciiiitation. 

Filtration and washing of the macro-precipitate was accomplished on a 
filter-paper on a perforated platinum plate fused into a glass fumiel. This filter 
T n^ui table for micro- quantities, even with two papers of barium 

su p a e quality . The use of asbestos on this filter was rejected as a large amount 
ot inert material would be present during the subsequent titration with the 
necessity of testing the filter before each estimation. Trial of an asbestos filter 
ot the form described by Bertrand [1913] for glucose estimation showed that it 
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retained tlie fine yellow precipitate, and that the latter could be dissolved on 
the filter in standard alkali and titrated in the usual way. Titration of the 
micro-quantities was carried out with N/IO or iV'/20 alkali and acid. The results 
with the micro- quantities of 0*1 mg. and less were generally from 5 to 10 % 
too high, just as had been found by other workers. 

Numerous trials were made alterhig the amount of acid in the solution 
during precipitation of the ammonium phosphomolybdate. It was found that 
complete precipitation took place in concentrations of nitric acid from N to fiiV, 
and ill concentrations of sulphuric acid from N to 3 N in presence of the corre- 
sponding amount of ammonium nitrate. The results were still too high. Above 
3 A sulphuric acid, precipitation did not occur even on the addition of more 
ammonium nitrate. 

Trials with alteration of the amount of ammonium molybdate in the solution 
gave irregular results, generally higher with more ammonium molybdate. Im- 
purity in the ammonium molybdate was suspected as the cause of the high 
results. At this time Prof. J. L. Rosedale was testing Pregl’s gravimetric method 
in this laboratory with which he obtained satisfactory results. Pregl used a 
special acid ammonium molybdate for precipitation. In its preparation it was 
noticed that a small yellow deposit was present in a larger bulk of white pre- 
cipitate, which indicated the presence of small amounts of phosphorus in the 
reagent. On testing this reagent in place of the usual ammonium molybdate^ 
the results were satisfactory. The cause of the high results was an impurity of 
phosphate in the molybdate reagent. 

One other change was made in the procedure of Phmmer and Bayliss. The 
precipitate of ammonium phosphomolybdate was washed with 50 % alcohol, 
which was shown by Taylor and Miller not to dissolve it. The compound is 
slightly soluble in winter. 

The procedure of micro-estimation is as follows. To the measured volume 
of unknown solution in a 100 cc. flask are added 10 or 20 cc. of 10 % ammonium 
nitrate solution and 0*5 or 1 cc. of cone. H2SO4. The mixture is raised to the 
boiling-point and from 1 to 10 cc. of Pregl’s ammonium molybdate solution 
are added^. Precipitation begins immediately and filtration can be carried out 
after 15 minutes. The acid solution is filtered through a Bertrand filter into a 
filter-flask, and the flask and filter are washed 6 times with 3-5 cc. of 50 % 
alcohol. It is not necessary that the whole of the precipitate be washed on to 
the filter. The filter -tube is removed, washed on the outside with water, and 
placed ill one opening of a two-holed cork fitting the 100 cc. flask; the other 
opening carries a small bent tube for comiection to a filter-pump. A slight 
excess of A/ 10 or A/20 alkali is run on to the filter from a burette; on stirring 
the precipitate dissolves and the solution is drawn into the flask, and the filter 
is washed 6 times with 3 to 5 cc. of water. The total volume is about 25 cc. 
A piece of porous plate is put in and the mixture is boiled for about 5 minutes 
to remove ammonia; one drop of phenolphthalein solution is added and the 
solution titrated with standard acid. A shght excess of the acid is added, the 
solution is again boiled to remove COg and back-titrated with A/10 or A/20 
alkali. The same factor, 1 cc. A/20 NaOH = 0*1268 mg. PgOg or ==0*05536 mg. P, 

^ Pregl’s solution is made as follows. 150 g. of powdered ammonium molybdate are treated 
with 400 cc. of boiling water and shaken until dissolved. When cool, the solution is added slowdy 
and wdth constant shaking to 50 g. ammonium sulphate in 500 cc. of nitric acid of sp. gr. 1*36 
ill a litre flask. After standing for 2 days the mixture is filtered and stored in a brown glass bottle. 
It has been found that 61 g. of ammonium nitrate can be used instead of the ammonium sulphate. 
The reagent slowly gives a deposit, and must be filtered before an estimation of phosphorus. 

]|4— 2 
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is used. Quantities from 0*01 to 0*1 and 1*0 mg. P have been accurately esti- 
mated as shown by the following figures : 


mg. P Titration 

mg. P 

mg. P 

Titration 

mg. P 

mg. P 

Titration 

mg. P 

taken cc. y/20 

found 

taken 

cc. y/20 

found 

taken 

cc. y/20 

found 

0-1 1*9 

0-1052 

0-09 

1-75 

0-0969 

0-08 

1-5 

0*0830 

1-9 

0-1052 


1-55 

0-0858 


1-45 

0-0803 

b9 

0-1052 


1-6 

0-0886 


1-4 

0'0775 

i-75 

0-0969 


1-5 

0-08:10 


1-45 

0-0803 

l-7o 

0-0969 


1-6 

0-0886 


1-45 

0-0803 

0-07 1-3 

0-0720 

0-06 

1-1 

0-0609 

0-05 

1-0 

0-0554 

1*3 

0-0720 


1-1 

0-0609 


1-0 

0-0554 

1-2 

0-0664 


1-2 

0-0664 


1-0 

0-0554 

1-2 

0-0664 


1-05 

0-0581 


1-0 

0-0554 

1-25 

0-0692 


1-15 

0-0637 


1-0 

0-0554 

0-04 0*85 

0-0471 

0-03 

0-5 

0-0277 

0-02 

0-45 

0-0249 ' 

0-8 

0-0443 


0-6 

0-0332 


0-35 

0-0194 

0*7 

0-0388 


0-6 

0-0332 


0-45 

0-0249 

0-8 

0-0443 


0-6 

0-0332 


0-45 

0-0249 

0-8 

0-0443 


0-55 

0-0305 


0-45 

0-0249 

0-01 0*2 

0-0111 

0-1 

1*75 

0-097 




0-25 

0-0138 

0-2 

3-0 

0-194 


cc.iVVIO 


0-25 

0-0138 

0-3 

5-1 

0-282 

0-7 

6-0 

0-664 

0-25 

0-0138 

0-4 

7-05 

0-390 

0-8 

7-0 

0-775 

0*3 

0-0156 

0-5 

8-75 

0-484 

0-9 

7-7 

0-852 



0-6 

10-75 

0*595 

1-0 

8-6 

0-952 


All the titrations were made with an ordinary burette. Better results would 
have been obtained with a micro- burette, and Nj 25 or N /50 alkali and acid 
could have been used. 

Filtration, washing and titration can be effected in 15 to 20 niinutes, so that 
four estimations can be made in 1 hour. For quantities above 1 mg. P, the 
perforated platinum plate is preferable. 

The sensitivity of the precipitation of ammoiiiiiin piiospliomolybdate under 
the above conditions has been tested qiiahtatively. Quantities of P from 0*009 
to 0*006 mg. began to come down in 2 to 3 minutes: from 0*005 to 0*003 mg. 
in 6 to 12 minutes; 0*002 mg. showed on standing 1 hour and 0*001 mg., which 
was just visible but quite evident on filtering on to the asbestos, in hours. 

The iiiethod is applicable to solutions of inorganic phosphate as above 
described. It is apphcable to all forms of organic phosphorus for estimation of 
total phosphorus. In this case, 1 cc. of cone. H2SO4 is added, oxidation is 
effected with nitric acid and to the cool residue 20 cc. of 10 % ammoiiiiini 
nitrate are added and then 5 to 20 cc. of PregFs ammonium molybdate. Inorganic 
phosphate in the presence of phosphoric esters not rapidly hydrolysed by acid, 
such as are present in blood-filtrates, can be estimated, especially if filtration 
is carried out after 15 minutes, or if the precipitation is allowed to proceed at 
room temperature overnight, which was shown by Pliminer and Page [1913] to 
be quantitative. The cone. H2SO4 can be omitted if 10 cc. ammonium molybdate 
be added. The following determinations were made with 5 cc. of a trichloroacetic 
acid blood- filtrate: 

(1) /'T-i mg. per 100 cc. (hot) as against 7*44 mg. by Fiske and Subbarow’s colorimetric method 

(2) 3-88 „ (hot) „ 3*34 „ kindly performed by Dr Griffiths 

3*34 „ (cold) 

It has not been possible to test the method for a compound like phosphagen 
which is very easily hydrolysed by acid. For this purpose it would be necessary 
to precipitate the inorganic phosphate as ammonium magnesium phosphate, 
to add acid to the filtrate to hydrolyse the compound and then estimate the 
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inorganic phosphate. It would also be possible to make this estimation by 
dividing the solution into two parts, to add acid to one part and then estimate 
the inorganic phosphate in both portions as ammonium magnesium phosphate. 
The difference would give the phospliagen-phosphorus. The phosphorus in the 
ammoiiimn niagnesiuiii phosphate can be estimated by the motybdate method 
after dissolution in dilute nitric acid. 


Summary. 

The accurate estimation of micro -quantities of 0-01 to 0-1 mg. of phosphorus 
by the motybdate method depends upon (1) the conditions of precipitation; 
20 cc. of 10 % ammonium nitrate solution must be present for every cc. of 
cone. H2SO4; (2) the use of a purified solution of ammonium molybdate such 
as that of Pregl, (3) the filtration of the precipitate on an asbestos filter such as 
that of Bertrand, 

A research grant from Imperial Chemical Industries has covered the cost 
of materials used in these experiments. 
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f! Sequent occurrence as a cause of spoilage in nroeessed frm>« 

sowce of economic importance in tlie fruit eaiming industry The 

source of the fungus is at present unlaiown, and the prevention of infection 

mature eoindia are unaftected by the normal sterilising process in XSi the 
maxrminn temperature attained exceeds 90°. In comiection with its resistaSe 
It* ! usually be considered lethal conditions it is of mterest to note 

proLiSed immS'in 90 0/ ^^^tling [1909], can withstand 

F . to ^ immeision in JO % alcohol and was aetuallv isolated from hof^miVnl 

specimens preserved in spirit, the mould appearing as^ston afa 
spemmen became micoyered owing to gradual evaporation of the preservative 

formed “^®*^bohc products which are 

™ IS grown on a synthetic medium contauiinc^ ^lucose as 

?n taSXloT? mo^d ^ZToZ 

^cu4Sn addiS T “ i* ^us noted that, after about 4 weeks’ 

Sate whVb l metaboHsm solution gave a pre- 

of DreeiDitfito nl f ^ ^ ^ ^tlier. Further experiments show that the amount 
rearrmaxfmumThi eontmued incubation and appears to 

vmtes vudh tbrL? ? glucose IS entirely consumed; also that tL yield 
becoming 'nifat Tr ^T '’*' “‘'"I'ation, being less at 30° than at 24° and 
on batches of 4^lV 1® expermients, in which the mould was grown 

the acS 2/’ “ tl^® isolation,"from 

no aoia pi ecipitate, ot a new and specific mould nrodiict OHO w-p 
~d“Lf ™ ?,T ““ '“o “« is 

C,«H 0 R and^f * tel^rabasic acid, giving salts of the type 

as a mH?ui; Ssahs r metabolism solutten 

G^O, which immediat2/Toses tw^mokcukt^oTta^^^^^ cTo*^’ 

as a tetrah^jQiV aniri tu ix- tigilooOg and titrates, on warming, 

sufficiently diff.tent'froS thS Kr tl"’ ‘T™'’ “ 

tion tb.t the too are difierent snbston^ ’ ' 
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The main metabolic product of the mould is mannitol, formed in amounts 
corresponding roughly with 30 % of the total sugar utilised. Other substances 
are produced in small amounts and are precipitated along with the b^^ssoclilainic 
acid, but these have not yet been investigated. This is only one of many instances 
of the production of mannitol from glucose by mould fungi. It is now known 
that a fairly large number of species, belonging to several different genera 
{Penicillium, Aspergillus, Helmmthosporium, Glaste-rospo7%um, and now Bysso- 
chlamys) can effect this conversion. It is certainly remarkable that the pro- 
duction of mannitol from glucose is so common, whilst there is no known case 
of the conversion by moulds of glucose into sorbitol, a change which is eas^^- to 
effect by purely chemical reduction. 


Expeeimental. 

The culture medium used was the standard Czapek-Dox solution containing 
5 % of glucose: water to 1000 cc.; glucose, 50 g.; NalSr03, 2 g. ; KH2PO4, 1 g. ; 
KCl, 0-5 g. ; MgS04, TH^O, 0*5 g. ; FeS04, VH^O, 0*01 g. Five large-scale experi- 
ments have been carried out, in each case using 100 conical flasks, of 1 -litre 
capacity, each flask containing 350 cc. of solution. The medium was sterilised 
by steaming for an hour on each of three consecutive da^^s and was then sown 
with a spore suspension made from 6 cultures of B, fulva on wort- agar slopes, 
the cultures being at least 10 days old. ^ ^ 

In the first experiment three of the flasks were incubated at 37°, three at 30 
and the remainder at 24°. At 37° growth was exceedmgly slow at first owing 
to the fact that the spores used for inoculation were completely wetted and 
sank to the bottom of the liquid, with the result that a gelatinous, submerged 
mycelium was slowly formed, and only when this was sufficiently extensive to 
reach the surface were normal aerial colonies produced. After this, growth was 
rapid, but at no stage did the solution give a precipitate on addition of acid. 
The results of analyses of the contents of flasks incubated at 30° and 24° are 
given in Table I. The column headed “On acidification’’ indicates the result 


Days 

incu- 

bation 

18 

32 

57 


PiL 

4-5 

4-5 

4-5 


Table I. 
30° 


% glucose 
by polari- 

meter On acidification 

3-87 Solution clear 

1'61 Faint opalescence 

Nil Very slight 

precipitate 


24° 


r 

A, 

% glucose 
by polari- 



On acidification 


meter 

4-7 

4*33 

Solution clear 

4-8 

2*26 

Slight precipitate 

4-8 

Nil 

Considerable 


precipitate 


obtained by making the filtered metabohsm solution acid to Congo red by 

addition of HCl, when the appearance of the liquid is a rough indication of the 
amount of the specific product. The sugar is thus utifised more rapidly at 30“ 
than at 24° (this is confirmed by the growth rate as judged visually), but less 
of the specific product is formed. 

The contents of the remaining 91 flasks were worked up, as described below, 
for isolation of products at the end of 57 days’ incubation. 

In the second and subsequent experiments all the flasks were incubated 
at 24° until the solution had a rotation close to zero, the periods varying from 
56 to 63 days. At the end of the incubation period the contents of the flasks 
were filtered, the mycelium was well squeezed out and washed with water, and 
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an average sample of the mixed filtrate and washings taken for analysis To 
mam bulk of hquid was added, with %dgorous stirring, sufficient concentrated 
HU to make the hquid de&iitely acid to Congo red HOO ee. acid) 4 yeUow 
llocculent precipitate formed at once and, after standing overnight, \yas filtered 
oit washed with water and dried in vacuo over H.,SO, (acid precipitate see 
below). In no case did further addition of acid to the mother-liquor mve’anv 
more precipitate. ^ ^ 

■KT “othei’-liquor was neutralised to methvl red bv 450 cc of 

-NaOH and then evaporated to SOO cc. in vacuo at 45-.30l On coolinv the con- 
centrate deposited a large amount of semi-crystalline solid and, on staiSino- at 0° 
a further quantity of solid separated in the form of long, colourless needles’ 
A smaU amount of the latter was taken out, drained at the pump and cautiously 
washed vuth cold wnter till free from the brown mother-liquor. The erystah 
wete perfectly colourle.ss, dissolved readily in cold w'ater. had si.p. 166-167° 
and, mixed with a sample of pure mamiitof, melted at 166-167° By recrvstalli 
sation from 66 % alcohol of the main buUr of solid matter the latter was^hoTO 
to ^consist almost entirely of mannitol mixed with small amounts of inorganic 

and 4 mannitol was estimated in the filtered metabolism 
solution usmg the polarimetric method of Raistrick and Young 119311 (see 
Table III CO limn 5). The total volume of solution in each ease was measiied 
and the total production of mannitol from the 1750 g. of glucose oriffinallv 
calculated. In Exp. 4 the metaboli.sm solution, "after remwal if 
le acid precipitate was concentrated in vacua (without previous neutralisation), 
aLZ^' f recptalli,sed from 66 o.; alcohol and the mother-liquor 

mlSSiTf? If'- ^ volumes of alcohol until no further 

mannitol conld be obtained. The total recovery of mannitol, attained without 
any pidiniinary purification of the solution, w^as SO % of the estimated amount, 
in onlnnrT'f oc^d precipUatc. In Exp. 1 the di-y solid was yellowish-brown 

1 • extracted with ether in a Soxhlet apparatus 

ffff, dissolved. Crystals soon began to separate in the 

dmosheT p-aduaUy a dirty green solid, slowiy turning black, was 

liquid level, the ether solution bemg reddish-brown. The 
wirfrl fff at intervals, the crystaUine solid being filtered off, well 
ma+plv 1 r f ether and chied in air. The total time of extraction was approxi- 
nf liours, and three solid fractions w^ere obtained. A further quantity 

wl,.fi7f obtained by concentration of the combined mother-Hquors, afte'r 
^hioh further evaporation gave only a thick browm syrup. The characteristics of 
the four sohd fractions are given in Table II. Mixtures of any of the fractions 


Table II. 


Fraction 

a 

b 

c 

d 


Colour 

Faint 

Pale bluish grey 
Dark grey 
Faint yellow 


Weight 

g- 

1-70 

4*15 

. 1-70 

0-48 


ai.p. 

163 ° 

162 - 163 ° 

162 - 163 ° 

163 ° 


all melted at 162-163°, showing that ail 
stance. From the myceHnm of the fungus 
was obtained. The myeehum was diied 
powdered and extracted first with light 
quantity of dark brown sticky material. 


consisted essentially of the same sub- 
a further quantity of identical material 
in vacuo at a low temperature, finely 
petroleum, which rapidly removed a 
Subsequent extraction with ether gave 
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1-08 g. of almost colourless prisms, m.p. 162-5-163°, unchanged by mixing with 

fraction “ffl” (above). v i i- 

Tlie crude crystalline material was purified as follo'ws. It was ciissolvea iii 
benzene (approximately 6 cc. to every 1 g. of substance), boiled for some time 
to coagulate traces of the greenish pigment, the solution filtered hot and mixed 
with twice its volume of boiling ether. On cooling, colourless prisms, m.f. 163 , 
separated in almost quantitative yield. 

The acid precipitates obtained in Exps. 2-5 had similar characteristics and 
were treated in the same way. 

The Yields of metabolic products, and other experimental details, are given 

in Table III. 

Table III. 


Metabolism solution 


Experi- 

ment 

Incu- 

bation 

period 

r 

Volume 

__A__ 

Rotation 

2 dm. tube 

iiiiinber 

days 

litres 

II§5461 

1 

57 

— 

Nil 

2 

63 

31-S 

+ 0-23° 

3 

56 

31-35 

-f 0-025° 

4 

56 

31-48 

-0-03° 

5 

59 

— 

-0-06° 




Wt. of 

Wt. of 

Mannitol 

acid 

bysso- 

, A- 

r 


precipi- 

cMamic 

Estimated 

Isolated 

tate 

acid 

g- 

g- 

g« 

g- 




18-1 

8-03 

597 



16-8 

6-28 

498 

— 

20-1 

7-20 

460 

366 

19-8 

6-13 



— 

23-5 

8-10 


Characterisation of mannitol. All the mannitol isolated was in the form of 
colourless needles, m.p. 166°, and, mixed with an authentic sample of pure 
mamiitol, had m.p. 166-167°. In a 2 dm. tube the rotation of a 2 % solution 
was all -0-02°, whilst a 2 % solution in a 6 % borax solution gave,_m a_4dm. 
tube, al*’i+2'92° and aJ™ + 2-56°. The mean percentage of mamiitol in the 
solutionroalculated from the rotations using the tables of Raistrick and Young 


[1931], is 2-0. _ . r 

ByssocUamic acid. Byssochlamio acid was obtained by crystalhsation irom 
a mixture of ether and 'benzene in the form of colourless prisms, m.p. 163 . 
Recrjrstallisation from alcohol gave crystals of the same form, m.p. 163-5 , and 
the melting-point was not raised by further recrystaUisation from alcohol, oi 
benzene and light petroleum. There is no obvious decomposition, at the melting- 
point, and the melt is clear and colourless but does not resolidify on cooling, 
even when seeded. The pure substance is insoluble in water. It is slightly soluble 
in alcohol, the solution being faintly acid to litmus and giving no colour reaction 
with FeClg. Its solubilities, at room temperature, in various orgamo solvents, 
expressed as g. substance in 100 cc. of solvent are approximately: acetcme, 63, 
ethyl acetate, 33; chloroform, 20; benzene, 7-5; ether, 0-33; alcohol, 0 - 3 ; hglit 
petroleum less than 0-1. By slow evaporation of solutions in acetone or benzene 
the substance may be obtained in beautiful rectangular^ prisms up to hali-an- 
inch long. Byssochlamio acid is insoluble in cold dilute NaOH, but, on heating, 
dissolves slowly. It is reprecipitated unchanged by addition of “inerM acid to 
the allialine solution. It dissoRes readily in warm concentrated HNOg and is 
recovered unchanged on evaporation of the solution. It is soluble in warm 
concentrated HgSO^ and is repreoipitated on addition of water. The HgbOi 
solution darkens slowly when strongly heated. - n/ xr a 

Micro-analysis (SchoeUer) gave: Sample 1: C, 65-11, 6o-16 /o; M, b-i^, 
6-16 o/r.; N, negative; OCH,, negative; molecular weight, 310, 326. Sample 2: 
C, 65-15, 65-04 %; H, 6-10, 5-99 %. OisHgoOg requires C, 65-03 %; H, 6-07 /„; 
molecular weight, 332. 
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Estimations of molecular weight by depression of the freezing-noint of 
benzene gave somewhat erratic results. In a 0-7 % freshly made i-i 

obse^ed »„leo„I.r weight w„ 586. Thie fell grad „li; S “Si.” toTi*';! 
eteady value of 322. In l-s % solution the final value w»., STnd in 1 

W. TninJrcXt ^ 

Titration with A/IO NaOH to phenolphthalein in aqueous solution o«r, i 
earned out only if the temperature is maintained near the boiling-point EvS 

and without lag““o.2(K)3ro? wtw,‘Soh?dTn 'iTof’^i^ 2't«If 

sp. ^‘oh. wh,„» 

WS+lOr “ ™ci.i ie Mi + I27-. 

The sodium salt is extremely soluble in water Evanoration nf i i.- 

:;srMrsrri ; "hSof:?thV3.„-!t 

with solutions of various metalHc salts. Each test’was^made on 

the appropriate reagent being added di-op bv dron nnti] no f +i ^ 

occurred, with the following results. ^ ^ 

or ’ ™‘Phous precipitate, readily soluble in dilute HNO 

u.pa.ati,.g-u!owly al S .Sol* 

pteoipitato insoluble in e.tcoss of the tel.” li ,'>“® 

acetates give heavy, white amorphous nrecinitates PaP] o- ' " lead 
even on addition of four volumes^ alcohol Sfe of nf c^Ni and 

precipitates but, with the exception of Hg soktioif; wblf ? 

intensely coloured than the reagents used ’ “ ai’e much more 

panf* ^^^^cessfiil attempt was made to prepare tlie free acid CHOW 

cautious acidification of the sodium salt 0*^1 o* rvC i 1 1 A® ^ 

dissolved by heating with 62 5 “ of A/1 0 nSw was 

covered with 200 cc. of ether, and 59-5 cc of ^V/l^F qo T fT rT 

less than the theoretical amoimt) were added in 9 L (^PPm^imately o /„ 

£11 Slwhl' ISIS V“ 

W.,bl% 8 % *»” C..H„0. changing to 

out ncrjiindly been ca.vi.d 

such that the required amounts of normal sahne were made, 

in the first m-o™ of ®"!>stance were contained in 0-5 cc. The mice 

sodinLTdt,?n7a^";LXr^ S h“ol7?7^"' 

m liours. Tlie second group received 12-5 mg. 
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aiidj of theses one died in 24 hours, two after 2 days and one after 3 days. The 
third group were injected with 6*25’ mg.; one died in 2 days, two in 3 days and 
one ill 6 days. The substance thus shows a definite, though low, toxicity to mice. 

Further work is in progress with the object of elucidating the molecular 
structure of byssochlamic acid and will be reported in due course. 

SUMMAS-Y. 

L ByssocMamys fulva OUiver and Smith has been grown on Czapek-Dox 
solution at 24°, and it is shown that the metabolic product formed in greatest 
amount is mamiitoL Yields equivalent to 30 % of the sugar consumed were 

obtained. ^ o i i 

2. A new mould product, byssochlamic acid, m.p. 163*5 , has also 

been isolated from the metabolism solution, in yields of about 0*5 % . Bysso- 
chlamic acid is toxic to mice. 

Our best thanks are tendered to Mx T. Rendle, of Messrs Chivers and Sons, 
Ltd., Histoii, Cambridge, who supplied us with cultures of By ssochlamys fulva. 
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CCXLVIL DIURNAL VARIATIONS IN THE 
BLOOD-SUGAR LEVEL OF THE 
LACTATING COW. 

By WILLIMI MILLER ALLCROFT. 

Boiveit Research Institute^ Aberdeen. 


{jxeceivea i^eptember 7th, 19SS.) 

Liteeatttee relatmg to the bovine blood-sugar level shows that there is no 
concoid of opinion as to the normal value. Among the earlier workers the 
average values recorded range from 50 mg. per 100 cc. [Awdejewa et al 19271 to 

1^28]. Hewitt [1930] reports values of 79-95 m<^ 
pel 100 ce. for dry com-s and 50-63 mg. per 100 cc. for lactating cows and quotes 
values rmiging from 41 to 80-120 mg. per 100 cc. from a number of 
for Hodgson e< al. [1932] give an average value of 53 mg. per 100 cc 

foi cattle over 2 years old, and Turk and Work [1933] give 51 m- per 100 Z' 
as then average for lactating cows. While it is conceivable tharpLt of this 
variability IS due to the different methods of analysis employed, the^ouestion of 
the time of sampHng must not be lost sight of asl possibfrfSor ^ 

Richter n 99? rLm if 7”''^ variation has so far received little attention. 

4 . r 1 ^ <^ould iiiid no evidence of diurnal variation. Little et al 

j ‘ 9t>tained this sequence of figures' 56 69 62 73 

7?09 “d 66, 76, 90, To! -%6 83 93 

Sil wl M !;,r “a a' ^ 11932] s.4;Sd1;™: 

wmch veie fed at 6 a.m. and 4 p.m., at 7 and 10 a.m. and 1, 3 and 5 p m and 
obtamed blood-sugar values of 51-4, 49-0, 50-7, 52-9 and 50-6 mv ver 100 cc 

Se tTnShait LTf ^.t^and [1933] reported higher blood-sugar levels in 

me evening tlian in the morning with starving sheep. 


-iiiXPERIMENTAL. 

sua? sampling for blood considerable fluctuations of blood- 

SowTwem bled cows were observed, notably when a large number of 

i^eneral tlSev foTl sampling was extended. The 

su-aTuZlSw T a™ samples to exhibit lower levels of blood- 

Sich Shff . T® decrease about this time, 

followiTtL of constituent. The 

^STbloT «, Tf "’".^e^taken to test the question, the Hagedorn- 
den^n blood-sugar techmque being employed [1920]. 

suo-a!-*vaL,T?‘^-’^ sampled hourly from 6 a.m. till 11 a.m. and the blood- 

rslTadfZ? T ^2 mg. per 100 cc., showing 

a steady decrease which was more marked in its later stages 

for bZd";,f^ sampled hourly from 6 a.m. till 3 p.m., their values 

lor blood-sugar bemg given in Table I. 
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Time 6 a.m. 
Cow 9 78 

„ 18 64 


i a.m. 
73 
54 


8 a.m. 
70 
54 


9 a.m. 
65 
53 


Table I. 

10 a.m. 11a.m. 
65 58 

68 65 


Noon 

55 


1 p.m. 
48 
42 


2 p.m. ‘ 3 p.m. 

55 64 

58 68 


These two preliminary tests were sufficiently suggestive to warrant fuller 
investigation. 

Exp, 3. Four cows, Nos. 9, 10, 17 and 18, near the end of their lactation 
period, were used. Samples were taken hourly from 3 a.m. till 11 p.m. and again, 
after a period of rest for the cows, from 
3 a.m, to 7 a.m. the next morning. 

Cows 9 and 10 were sampled at the odd 
hours and cows 17 and 18 at the even 
hours, so that each cow was sampled 
every 2 hours. From the data ob- 
tained a composite curve was con- 
structed taking at each half-hour the 
average of the four cows, two half an 
hour before and the other two half 
an hour after; i.e, 7.30 represents the 
average of the four bloods taken at 
7 and 8 o’clock. This curve is shown in 
Fig. 1 and exhibits a sharp decline from 
7.30 a.m. to about 11.30 a.m. followed 
b}^ a small rise to 3.30 p.m. and subse- 
quent decrease. It was thought that the continual disturbance of the cow's 
might account for the failure of the blood-sugar level to return to its high value 
ill the early morning, and so for subsequent work the technique of sampling wms 
modified. 

Ex2), 4. To minimise the risk of continued disturbance it was decided to 
extend the experiment over 24 days, sampling only once a day, an hour later 



Average blood-sugar values from four 
cows iu Exp. 3. 

Kg. 1. 



Average blood-sugar values from 
six cows in Exps. 4 and 5. 


Fig. 2. 

Dry cows [Exp. 4]. 

Lactating cow^s [Exp. 5]. 



Fig. 3. 


each day. Previous work (unpublished) had shown that over a period of a week 
variations up to 16 % of the blood-sugar value were likely to occur when samples 
were drawn at the same hour each day. Six cows were used and divided into two 
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lots of three, one lot being bled at the odd hours and the other lot at the even 
hours, so that each lot of cows was only bled once in two days. The cows were 
*y at the time of this experiment. A composite curve, constructed as was 

iig. I, IS sliown by tlie broken line in Fig. 2. 

Exp. 5. This was a repetition of Exp. 4, using the same animals in the same 
groups, when the cows were in full lactation, some 7 to 10 weeks after calvino- 
Their composite curve is given by the continuous line in Fig. 2. 

Exp. 6. To act as a check on the dry cows’ ciuves four dry sheep, two black 
faced Highland wethers and two non-pregnant half-bred ewes, were used and 
rampled hourly over an extended period. Their composite curve is mven in 
-Big. 3. ^ 

Discussioisr. 

From the curves given in Figs. 1, 2 and 3 it is safe to conclude that whUe 
there is no apparent diurnal rhythm in the blood-sugar level of drv cows and drv 
sheep, there is some evidence of a decided trend of diurnal changes in the blood- 
fnffi !fn of lactating cows. In Fig. 1 the curve falls rapidly from 7.30 a m 
tiU 11.30 a.m. after which it rises slightly and faUs again ; its continued low levei 
next moriung was suspected to be due to the fact that the animals had been 
disturbed hour y over the early part of the night at a time when they would 



, , pufcssioie precautions 

were taken to avoid unnecessary disturbance of the animals. This latter curve 
(loe« not exliibit the same extreme fluctuations as does the curye in Fi^*. 1 nor 
do the low peaks of the two curves exac% coincide for time of day \ut the 
curves are so strongly similar in character as to suggest the existence of a definite 
diurnal rhythm m the level of blood-sugar. The fact that no such rhythm is 
a,pparent in the curves for dry cows or dry sheep would seem to imply that this 
Jythm IS associated with the state of lactation. This suggestion is m keeping with 
the work ot Bilipovic [1931], who observed that the rate of secretion of milk 
increased rapidly to a maximum about 4 to 5 hours after milking and thereafter 
slowed down agam, and of Carlens and Krestownikof [1927], who noted that the 
level of blood-sugar was high before milking and fell during milking, unless the 
ainiiial was unduly disturbed by the sampling. 

In all the work reported here the schedule of feeding hours was the same and, 
m the case of lactating animals, the hours of milking were the same. 

it IS not the purpose of this communication to discuss or theorise over the 
possible physiological causes of the variations found but rather to emphasise the 
tact that especially when dealing with lactating animals, it is highly important 
to keep the hour of sampling constant when comparable blood-sugar values are 
required. lurther work, designed to discover the factor or factors causing the 

varia ion, won e of assistance in interpreting results obtained from various 
sources. 

I wish to aolmowledge my mdebtedness to Sir W. Thomson for invaluable 
assistance with the sampling and to Mr W. Godden for his interest in this work. 
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CCXLVIIL A COLORIMETRIC METHOD FOR THE 
DETERMINATION OF GLUCOSAMINE 
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By LESLIE ALDERaL^N ELSO^i 
AND WALTER THOaLAS JAAIES aiORGAIST. 

From the Serum Department, The Lister Institute, Elstree, Herts. 

{Received October 27th, 1933.) 

A COLORIMETEIC method for the determination of glucosamine has recently 
been described by Zuckerkandl and aiessiner-Klebermass [1931], According to 
their procedure the test-solution, which should contain between 1 and 4 mo-, 
glucosamine hydrochloride, is evaporated to dryness and treated with a freshty 
prepared solution of sodium methoxide. The free glucosamine base is then 
cautiously acetjdated with acetic anhydride to yield the W- monoacetyl derivative 
which can be estimated by means of the intense reddish-purple colour that 
develops when, after a preliminary treatment with dilute alkali, ^?-dimethylamino- 
benzaldehyde in acid solution (Ehihch’s reagent) is added. We have found this 
method unsatisfactory. The acetylation of glucosamine which yields the N- 
monoacetyl derivative, under the condition^ described by Zuckerkandl and 
Messiner-Ivlebermass does not appear to be quantitative aiid, moreover, rapid 
fading of the colour that develops on the addition of the i?-dimethjdammo- 
benzaldehyde reagent increases the difiaculty of colorimetric estimation. That 
Zuckerkandl and Messiner-KJebermass w'ere aware of the difficulties involved 
in the use of the method for quantitative jrarposes is evident from their descrip- 
tion of the reaction. They state that the error of estimation is, at the most, 6 % . 


H H OH 
CH.,OH-— C C (L- 


CH— C.CO.OOA 


-C 


NH 


-OH.. 


1 . 


OH OH H 

Etliyi ester of 2 -methyl-S-tetrahydroxybutylpyrrole-S- carboxylic acid. 


CH~C.CO.CH3 
H H OH II II 
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3-Acetyl-2-methyi-5-tetraliydroxybiitylpyrrole. 
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OH OH H 

HCn^^C.CHs 

mi 

3-Acetyl-2-metliyl-4-tetraliydroxybTitylpyrrole. 
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A colorimetric method for the determination of glucosamine has therefore 
been elaborated which avoids the process of evaporation to dryness and subse- 
quent conversion of the glucosamine into its A-monoacetyl derivative and which 
gives rise to very stable coloured solutions. The method depends upon the 
colour which develops when pyrroles are condensed with _p-diniethyiaminobenz- 
aldehyde. The conversion of glucosamine into the pyrrole derivatives (I) and 
(11)3 by the action of ethyl acetoacetate and acetylacetone respectively has 
been described Pauly and Ludwig [1922]. When glucosamine hydrochloride 
is boiled in alkaline solution with either ethyl acetoacetate or acetylacetone the 
resulting solutions, on treatment with Ehrlich’s reagent in the presence of 
alcohol, develop a vStable red colour. The colour obtained with the condensation 
product of acetylacetone (II) was found to be the more intense and for this 
reason was selected as a basis for the colorimetric determination described below . 

Experimental. 

Reagents. (1) Acetylacetone solution. The reagent is made by dissolving 1 cc. 
of acetylacetone in 50 cc. of 0-5 N sodium carbonate solution; the acetylacetone 
dissolves readil}^ on shaking. The reagent should be kept in an ice-chest when 
not ill use and should be prepared fresh every 4 or 5 days. 

(2) ■^-Dimethylammohenzaldehyde reagent. p-Dimethylaminobenzaldeliyde 
(0-8 g.) which has been twice recrystallised from dilute alcohol is dissolved in 
alcohol (30 cc.) and concentrated h3^drochlorie acid (30 cc.) added. The reagent 
possesses a pale yellow colour and keeps indefinitely. 

(3) Glucosamine hydrochloride standard. An aqueous solution of glucosamine 
hydrochloride saturated with chloroform and containing 10 mg. of the hydro- 
chloride in 1 cc. is prepared. From this solution suitable dilutions can be made 
when required. The standard solution should be kept between 0 and 4°. 

Procedure. The determination is best carried out in test-tubes graduated at 
a volume of 10 cc. The solution to be estimated, wMch should contain between 
0-5 and 3-0 mg. of glucosamine li3^droc}iloride, is pipetted into the tubes and 
the acet3dacetone reagent (1 cc.) added from a pipette; the sides of the tubes 
are then washed down with 1 cc. of water. At the same time standard solutions 
of glucosamine Iwdrochloride are measured out and treated in the same manner. 
The tubes are heated for 15 minutes in a boiling water-bath in which the level 
of the water is kept Just above the level of the liquid in the tubes. The upper 
portion of the test-tubes should project out of the water-bath in order to avoid 
any serious loss of acet3dacetone by evaporation. After heating, the tubes 
are cooled and alcohol is added to wdthin about 2 cc. of the 10 cc. graduation 
mark. During the addition of alcohol a precipitate frequently forms but it is 
rapidly dissolved on the subsequent addition of the Ehrhch reagent (1 cc.); 
alcohol is then added to make the volume up to 10 cc. The colours develop 
quickly and reach their full intensity in 15-20 minutes. During this time there 
is a slow evolution of carbon dioxide which renders colorimetric comparison 
difficult, and it has been found convenient to compare the colours after the 
solutions have stood for at least 30 minutes at room temperature. When com- 
pared with a stable artificial colour standard the red colour which develops 
shows no fading over a period of several hours. 

The colorimetric comparison is reliable only when the intensities of the tmts 
of the unknown solution and the standard solution are approximatel3^ the same . 
It has been found that a comparison of colours is difficult if the glucosamine 
contents of the solutions differ by more than 25 % . The accuracy of the method 
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is readily ascertained from the results shown in Table I w'here it will be seen 
that the en-or of estimation is less than 5 % if the amount of glucosamine 
hydrochloride is within the range 0-75-3-0 mg. and the colour intensity of the 
standard glucosamine hydrochloride solution does not differ bv more than 9?: o/ 
from that of the unknown. 

Table I. 


Glucosamine hydrocliloride 


Standard 

solution 

A 

Present 

Found 

Percentage 

mg. 

mg. 

mg. 

error 

0-25 

0-50 

0-475 

-5-0 


99 

0-530 

+ 6-0 

0-'75 

9 9 

0-509 

+ 1-8 


99 

0-520 

+ 4-0 

99 

i-00 

1-02 

4-2-0 

99 


1-00 

0-0 

I -00 

0-80 

0-830 

4- 3*7 

99 

99 

0-827 

4-3*3 

99 

1-20 

1-21 

■fO-8 

99 

99 

1-22 

■f 1-6 

99 

i4o 

1-35 

-3-5 

99 

99 

1-39 

-0-7 

i-oO 

1-20 

1-22 

4-1-6 

.9 9 

99 

1-23 

4-24 

99 

1-80 

1-80 

0-0 


99 

1-79 

-0-6 


Tins method can also be used foi* the 


Ghicosamuie hydrocHoride 




Standard 

solution 

Present 

Found 

Percentage 

mg. 

mg. 

mg. 

error 

2-00 

1-80 

1-84 

4-2-2 

99 


1-80 

0-0 

99 

2-20 

2-17 

-1-3 

99 

99 

2-19 

-0-5 

99 

2-50 

2-50 

0-0 

99 


2-45 

‘ -2-0 

2-50 

2-25 

2-24 

-0-5 

99 


2-21 

-1-8 

99 

2-75 

2-80 

4-1-8 

99 

3^0 

2-78 

4-M 

99 

3-07 

4-2-3 

99 

99 

2-02 

4-0-7 

3-00 

2-50 

2-50 

0-0 

99 


2-54 

4-1-6 

99 

3-50 

3-40 

-3-0 

99 

99 

3-32 

-5-1 

99 

4-00 

3-75 

-6-2 


-o , 1 , , determination of cliondrosamine. 

-hqiial amounts of glucosamine liydrociiioride and cliondrosamine hydrochloride 

pve rise to colours identical in tint and intensity. A few of the results obtained 
by using standard solutions of chondrosamine hydrochloride are given in 
fable If; it wiU be seen that the limits of accuracy of the determination as 
given lor glucosamine hydrochloride also hold for cliondrosamine hydrochloride. 


Table II. 



Cliondrosamine hydro chloride 


Standard 

solution 

mg. 

1-50 

1-50 

1- 50 

2- 00 

Present Found 

mg. ing. 

1*00 0-992 

1-00 1-00 

2-00 2-00 

2*50 2-42 

Percentage 

error 

-0-8 

0-0 

0-0 

-3-2 


The influence of foreign substances. 

In order to ascertain w'hether the presence of sugars has any influence upon 
u ■ of glucosamine a number of estimations have been made in 

which glucose, galactose, fructose or arabinose was added to the glucosamine 
solution before estimation. The results of these tests are given in Table III and 
It will be seen that in no case had the added substance any appreciable influence 
upon t e accuracy of the estimation. Similarly the presence of glycine, alanine 
or iiistidine does not interfere with the determination. 

* reasons the method cannot be used 'when certain pyrrole or 

indole derivatives are present; these substances, however, can be readily de- 
ec ed since they will condense with j)-dimethylaniinobenzaldehyde in acid 
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Table III. The influence of foreign substances upon the accuracy of the estimation. 


Substance 

added 

Glucose 

Galactose 

Fructose 

Arabiiiose 

Glycine 

Alanine 

Histidine 

Tryptophan 


mg. 

2-5 

5-0 

5-0 

10-0 

2-5 

5*0 

2-5 

5-0 

2-0 

5-0 

2-0 

2-0 

1-0 

1*0 

1-0 

1-0 


Glucosamine hydrochloride 


Present 

Found 

Percentage 

mg. 

mg. 

error 

2-0 

1-97 

-1*5 


2-02 

+ 1-0 


203 

+ 1*5 


1*99 

-0*5 


202 

-!-l*0 


2*01 

-hO'O 


1*98 

-1-0 


2*00 

0-0 


2*00 

0*0 


1*97 

-1*5 


2*03 

+ 1*5 


1*98 

-1*0 


2*00 

0*0 


2*03 

+ 1*5 


2*04 

+ 2*0 


2*03 

+ 1*0 


solution to yield coloured solutions without previous heating with the acetyl- 
acetone reagent. The presence of tryptophan does not affect the accuracy^ of 
the estimation because the colour which this amino-acid is known to give with 
Ehrlich’s reagent does not develop in the presence of hydrochloric^ acid of the 
strength used in the determination; the tryptophan reaction requires a much 
greater concentration of acid. iV^-Aeetylglucosamine and i\r-acetylchondrosa- 
mine, if present, wdli also yield a reddish-purple coloration with Ehrhch’s 
reagent, but only after heating in alkaline solution. The coloration produced 
with these two compounds, however, is not due to the formation of pyrrole 
derivatives, but to the elimination of the elements of water, followed by ring- 
closure with the formation of a disubstituted oxazole [Elson and Morgan, 1933, 2], 
which condenses with ^^-dimethylaminobenzaldehyde to yield an intense reddish- 
purple coloured solution [Elson and Morgan, 1933, 1]. 

Although l-amiiiogliicose is not known to occur naturally and is, therefore, 
unlikely to be present in the acid hydrolysis products of either gliicoproteins 
or nitrogen- containing polysaccharides it is of interest that this aminohexose, 
prepared according to the method of Ling and Nanji [1922] condenses readily 
with acetylacetone, under the conditions described above for the estimation of 
glucosamine and chondrosamine, to yield a coloured solution almost identical 
in tint and intensity with that produced by equal quantities of these com- 
pounds. In this case the acetylacetone presumably combines with^ 1 -amino - 
glucose to give the compound (III) wLich on treatment with Ehrlich s reagent 
gives the usual pyrrole colour. 

The influence of the concentration of hydrochloric acid on the 
rate of development of the colour'^. 

Four colorimetric determinations were made, using 1-0 mg. of glucosamine 
hydrochloride, in wdiich the concentration of hydrochloric acid present in the 
final solution was the only factor that was varied. The results, as shown in 

1 (Note, added November 21st,) In tbe presence of considerably higher concentrations of hydro- 
chloric acid ( > 2N) it has been found that many carbohydrates and amino-acids, after being 
heated with acetylacetone in alkaline solution, react with p-dimethylaminobenzaldehyde and 
give rise to red-coloured solutions. 
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Table IV. The inflmnce of concentration of hydrochloric acid on the 
rate and intensity of colour development. 


Final conceii- 
trafcioii of 
liydroclilorie 
acid 
0 / 

,''0 

2-5 

o-O 

10-0 


Time of colour deveiopinent ( miiiiites) 


iO 15 20 30 

Colorimeter readings (mm,) 


40 


60 


34-5 

27-0 

24'7 


32-5 

24-9 

24-8 


30-0 

24- 6 

25- 0 


28-7 

24*3 

24-8 


26-0 

24-3 

24-9 


25-3 

24*4 

25-2 


24-5 

24- 3 

25- 4 


Table D were obtained by matching the colours which developed in the 
presence of the various hydi-oehlorie acid concentrations, after definite intervals 
of tune, agamst a stable artificial colour standard. It will be noted that in the 
presence ot o /„ hydrochloric acid the colour develops rapidly and is constant 
in intensity after 20 minutes. Moreover, this concentration of hydrochloric acid 
gives rise to the greate.st depth of colour and has therefore been selected as the 
most suitable concentration of acid for use in the preparation of the ®-dimethvl- 
ammobenzaldehyde reagent. - 

The inflmnce of the time of heating on the colour development. 

manner as those alreadv described 
except that the glueosamiiie lyxlroehloride solutions were heated with the 
acetylacetone reagent for different periods of time. It will be observed from 
the colorimeter readings given in Table V that the maximum colom intensity 

Table V. The influence of the time of heating icith the acetylacetone reagent 
on the subsequent colour development. 

Colorimeter readings (mm.) 


Time of heating 
atioir 
(minutes) 

10 
15 
20 


Exp. No. 1 

25-0 

18-1 

23-0 


Exp. No. 2 

24-2 

17-8 

27*2 


develops after the solutions have been heated for 15 minutes. It has been found 
that the colours obtained after beating solutions of glucosamme bydi’ochloride 
IZi reagent for 20 minutes or longer, are of a slightly different 

tint fiom those obtained with solutions which have been heated Vor 10 or 
la minutes. 

Summary. 

A method is described for the colorimetric estimation of glucosamine and 
dmndrosarnine. By heating these substances in alkaline solution with acetvl- 
ace one lej 6 eom eited into pyrrole derivatives which on treatment with 

w'7f-®^r^ rise to very stable red-colom-ed solutions. 

Within hunts the method gives a good degree of proportionality between the 
liexosainiiiG content and the colour intensity. 
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CCXLIX. A NEW MICRO-QUINHYDRONE 
ELECTRODE. 

By TOKUJI MIKAWA. 

Ffom> the 1st Division of the Institute of Physiology, Kyoto Impenal 
University, Japan, 

{Received October SOth, 1933.) 

Ioteodxjction. 

The micro- deteriiiiiiation of the hydrogen ion concentration of a fluid is indis- 
pensable for some biological studies, and the qiiinliy- 
drone electrode is well adapted for this purpose. Cullen 
and Biilmami [1925], and also Lang [1930], devised 
capillary electrodes which are however not suitable for a 
single drop. GeselFs bakelite tube electrode [1928] enables 
one to carry out four or :fi.ve determinations with 0*2 cc., 
but its construction and manipulation are not very 
simple. I have devised a new type of micro-quinhy- 
drone electrode at Professor Shoji’s suggestion, wdiich is 
applicable even to 0*01 cc. of a liquid. Its construction 
is quite simple. A thin gold tube, resembling a wide 
injection syringe needle, about 1 mm. in bore, serves as 
the electrode. The entire outer surface and the terminal 
third of each end of the inner surface are well covered 
wntli a suitable insulating varnish. One drop of the fluid 
to be examined is mixed with quinhydrone powder and 
the mixture sucked into the tube. Then the tip of the Gold tube electrode ; 
tube is thrust into KCl-agar-agar, which is connected, b Insulating ^ varnish; 
on the other side, with a calomel electrode or a standard d 1 ^. 

quinhydrone electrode. The potential of the gold tube ^ Gilded^ortion of tube, 
against the standard electrode is then measured in the 

usual way. The gold electrode tube, attached to a vulcanised rubber nipple of 
an ordinary injection needle, is illustrated in Fig. 1, which will suffice to explain 
its construction. Some remarks are necessary however on the preparation and 
use of the apparatus. 



Mg. 1. 


Preparation of the electrode. 

It is not necessary to make the electrode tube of pure gold; 20 ct. or 18 ct. 
gold will suffice. In every case, how^ever, even with a tube of 24 ct. gold, the 
inner surface of the tube, which is utilised as the metal electrode, must be 
perfectly gilded by electro-deposition. The gilding current should not be too 
large. I used a resistance of about 20,000 ohms in the circuit of one accumulator, 
and allowed deposition to proceed for 0*5 or 1 hour, the gold chloride solution 
inside the tube being renewed every five minutes, and thus always obtained a 


1830 


T. MIKAWA 


good result. After the inside of the tube is gilded, it must not be heated or 
damaged mechanically, otherwise the base metal contained in the gold (a trace 
of which exists even in 24 ct. gold) comes into contact with the liuid and causes 
gross inaccuracies. For this reason the leading vdre must be soldered to the 
electrode before it is gilded. The electrode once gilded perfectly may be used for 
a long time, but it is necessary frequently to cheek it udth a stendard solution- 
when it is found to have gone UTong, regilding will restore it again to o-ood 
condition. A platinum tube was also tried but offered no advantages. 

In order to prevent tbe electrode surface from being touehed%y the fluid 
unsaturated with quinhydrone, or any other fluid, the entire outer surface and 
also preferably the terminal third of each end of the inner surface of the tube as 
well as the leading wire, must be insulated completely. I found “Bakelite 
varnish No. 2,” furnished by Sankyo and Co., Tokyo, quite satisfactory for this 
purpose, but of course any other insulating varnish will do. The hardenino- of 
the vaniish requires a high temperature and must therefore be done before 
gilding. Neither paraffin nor enamel is suitable, as both these substances often 
crack easity. 

Use of the electrode. 

The actual estimation is carried out as follows. Quinhydrone powder o-round 
very finely, is put on a paraffined watch-glass. A small drop of the fluid is then 
put on the powder and is rolled quickly by moving the glass, so that the drop is 
well covered with the powder. Then the drop is sucked into the gold tube which 
IS conveniently attached to a blind rubber tubing or the hard rubber nipple of an 
ordmaiy injection needle. The drop must be covered sufficiently with powder 
otherwise the fluid may not be saturated with quinhycb-one and an incorrect 
result may be obtained. Care must be taken that the amount of powder is not so 
excessive as to soak up the drop of fluid, but just enough to be sucked into the 
tube -with the fluid. 

If it is desired to avoid exposure to air a suitable amount of quinhydrone 
powder is put m a small hollow made at the bottom of a short test-tube and 
covered until liquid paraffin. The fluid is then introduced below the paraffin by 
means of a fine injection syringe and is mixed with the powder, after which it is 
sucked into the electrode tube. If paraffin is sucked into the electrode tube with 
the fluid. It does not harm the measurement unless the entire surface of the 
electrode he covered uith paraffin. If this occurs no current passes through, and 
the fault can be easily detected. 

Checking the results obtained by this method. 

The method was checked by comparing its results with those obtained by the 
usual hydrogen -gas electrode method. This was done -nith Mcllvain’s buffer 
solutions, urme, aqueous humour, cerebrospinal fluid, blood-seriun and also 
mtn whole blood. Results wmre quite satisfactory, except in the case of whole 
blood, so long as the -ralue of the first half or one minute was taken. Later the 
value showed a deviation, which was very marked, especially -with blood-serum, 
this is a defect not only of the present method, but of the quinhydrone method 
111 general, as has already been discussed by many investigators. 

• estimations it is advisable to carry out three or four parallel deter- 

Occasionally one electrode may give a value some- 
wflat different from the others. Such a faulty electrode must be discarded. The 
taom on the following page will serve as an example. 

In this table the figures show that electrode No. 4 must be discarded. 
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Pn Ijy 

Ph fly micro -quinhydrone method 

Material 

Temp, 

n 

H-gas 

electrode 

NoM 

.j 

No. 2 

No. 3 

No. 4 

Mcllvaiii’s buffer 

18 

7300 

7303 

7296 

7300 

7284 

Blood-serum (horse) 

18 

7723 

7722 

7717 

7722 

7681 

Blood-serum (horse) 

37 

7353 

7351 

7369 

— 

7319 

Aqueous humour (rabbit) 

18 

7610 

7614 

7608 

7617 


Cerebrospinal fluid (rabbit) 

18 

7445 

7466 

7454 

7464 



If the f)]g; of a body fluid containing CO 2 , such, for instance, as blood-serum, 
is determined by this method without paraffin protection, CO^ may be lost while 
the drop is rolled on the quinhydrone powder. I confirmed practically, however, 
that this did not occur, since the serum gave the same value with or without 
paraffin protection and with the H-gas electrode, using a large amount of the 
fluid. 

When this method is applied to whole blood, it often gives a wrong (usually 
too alkaline) value, for which reason it is adffisable to use plasma. The following 
procedure is convenient for determining the pjj of human blood. The finger-tip, 
or any other suitable place, is stabbed, and the wound is covered with liquid 
paraffin, under which the blood oozes out. About 0*3 cc. of the blood is sucked 
into a small syringe containing about 0-03 cc. of a 2-3 % potassium oxalate 
solution, whose pg- is adjusted to 7*4. The sample is well mixed and then 
centrifuged under liquid paraffin. The plasma thus separated is treated as 
described above. 

I tried to utilise this method also for estimating the tissue fluid of a living 
animal. For this purpose a fine electrode needle was prepared. Quinhydrone 
powder, dry or slightly wet, was put inside, and the needle was introduced into 
the skin to reach the subcutaneous space. The tissue fluid should then come into 
the tube. Another electrode was filled with the saline solution and placed close 
to the former, and served as the connection with the calomel electrode. The 
results were always very uncertain. Even when such an electrode was immersed 
in a standard solution the result was still uncertain. This is probably due to the 
fact that the fluid entering the tube is not perfectly saturated with quinhydrone. 


Summary. 

A minute drop of a fluid is mixed with fine quinhj^drone powder and is 
sucked into a fine gold tube, which serves as the metal electrode. Then the pg of 
the fluid is measured by the ordinary potentiometric method. The outer surface, 
and also preferably both ends of the inner surface of the tube, as well^as the 
leading wdre, should be insulated perfectly, lest they come into contact with the 
fluid unsaturated with quinhydrone. The inner electrode surface must be gilded 
perfectly. 
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CCL. THE EFFECT OF NARCOTIC GASES 
ON BRAIN OXIDATIONS. 

By MARGARETE BULOW. 

From the Chemical Department of the Deutsche Forschungsanstalt fiir 
Psychiatrie {Kaiser- Wilhelm-Institut), Munich. 

{Received October 1933.) 

In a previous paper [Biilow and Holmes, 1932], published from the Pliarmaeo 
logical Laboratory, Cambridge, we dealt with the effect of narcotics on the 
oxygen uptake of the brain tissue. We were unable to observe any decrease in the 
respiration of brain tissue in vitro in the presence of ethylene, propylene or 
® anaesthetic power. A recent paper of Quastel and 

Wheatley [1932] has, however, made it desirable to carry out a fresh investiva 
tion of the subject. ' ^ 

With fresh tissue, Quastel’s experiments are in full agreement Avith our OAvn 
m that he obseiums no difference in the oxygen uptake of chopped bram tissue’ 
incubated m presence of a mixture of nitrogen and oxygen, or of narcotic gas and 
oxygen in the same proportions, but he thinks that this agreement is misleading 
the real inhibition of oxidation being hidden by the greater solubility of narcotic 
gases in the ce 1-hpoids. _ If he uses tissue Avhich has been allowed to become 
greatly depleted of its oxidisable material by aeration for 3 hours, and then adds 
glucose, he obtains in the following 2 hours a distinct inhibitory effect of the 
narcotics, the cell-hpoids now being saturated Avith the gas. 

On theoretical grounds alone we do not think that Quastefs criticism is 
vahd. :braui tissue contains nearly 8 % lipoids. The solubility of acetylene in 
oil as determined by Meyer et al. [1920] is 1-8 cc. in 1 cc. solvent, so that 43 mm.^ 
of acetylene may be absorbed by 0-3 g. bram, and so disappear. In an experiment 
lastmg 3 hours the mhibition which can be masked by the absorption of the 
narcotic gas is thus quite small, and indeed falls well Avithin the limits of experi- 
mental error of the method. Apart from this, the manometers are evacuated and 
^ f '1© gus mixture three times. After immersion in tlie thermostat j 
lo minutes are allowed for the attainment of temperature eciuilibrium, before the 
aps are c . In all probability, therefore, the lipoids are already saturated 
ATith gas before readmgs are commenced. Experiment confirmed these con- 
clusions. The presence of 0-03 cc. ohve oil caused no effect on the gas pressure hi 
3 houra’^sh filled Avith propylene, nor did any change appear during 

^ It seems possible to explain Quastel’s results on the folloAving lines. The 
oxy gen upta of the cell may be due at first to sj^stems not affected by narcotics^ 
aiic 1 may e necessary for the tissue to suffer material damage if it is to show 

tne effect of narcotics on certain specific processes. Quastel removes the material, 
the oxidation of which is not affected by narcotics, by incubating the bram for 
3 hours._ We endeavoured to obtain the same effect by washing the tissue several 
times vuth distilled water. 

As the_ experiment shows, washing brain tissue three times with distilled 
wa er immishes the velocity of the oxygen uptake as much as did the process 


inm.^ Og/g. brain 



Time (minutes) Time (minutes) 

S^ig. 2, Kg. 4. 

Kg. 1. O 2 uptake of brain 

alone ® — ; washed with added glucose o — o ; 

Na lactate '4i — washed with added Na succinate x • — x . 

Kg. 2. O 2 uptake of washed brain with added glucose in the presence of 

ethylene 95% A — A; propylene 80 % ® — ®; 

acetylene 80 % x — x ; nitrogen 80 % ? 95 % o — o. 


Kg. 3. O 2 uptake of washed brain with added lactate in the presence of 

ethylene 95 % A — A; propylene 80 % ©■ — ®; 

acetylene 80 % x — x ; nitrogen 80 %, 95 % ^ 


Kg. 4. Og uptake of washed brain and added succinate in the presence of 

ethylene 95 % A-~A ; propylene 80 % a—® ; 

acetylene 80 % x — x ; nitrogen 80 o/. . 9.5 — -t- . 



1834 


M. BULOW 


of incubation in Quastel’s experiments. The addition of glucose increases it 
distinctly (a solution that contains 0-025 % glucose gives nearly as oreat an 
eiiect as a solution of 0-25 04 ). The oxidation due to factate is as^greafas that 
due to glucose, the effect of succinate being much more powerful (Flo* 1) These 
results too, are in full agreement with Quastel’s. But if the BarcrofWessels are 
now filled up with narcotic gas mixtures instead of air, and the oxygen uptake is 
compared with that which occurs in the presence of nitrogen-oxygen inixtures 

0 the same oxygen content, there is no inhibition to be seen (Figs. 2 3 and 4) 

1 his confirms our previous experiments and is in contradiction to QuasteFs The 
narcotics do not mterfere with the oxidation either of glucose or of sodium 
lactate or sodium succmate. The last result, which is in agi-eement with QuasteFs 
seenm to us of some general importance, and is difficult to bring into line with 

in£ed ^ WPAT “S' indicate that the oxygen transference in the cell is 

mhibited by HCN, the activation of hydrogen by narcotics. The succinic acid 
ehjdrase system is a typical dehydi-ase system, which has been much studied, 
and we should therefore expect it to be inhibited by these gases. As the experi- 
ShvSut th’ inkihition. On the contrary, in the experiments Sdth 

Sure of r“! ^ stimulating effect. The uptake in a 

mixture of 9o 4 eth5dene+5 % oxygen is as large as that in 80 % acetylene or 

anTs oxy^en^ and distinctly gi-eater than that in 95 % nitrogen 

Experimental. 

sn«i!pf chopped mouse brain (the brains of 3 animals were usuaUy mixed together) was 
n~ f “ ^ <kstmed water and centrifuged. The supernatant fluid was rejected. The 

SZeut T e 1 r""’ right-hand vessels of Barcroft 

yliich contained 3 ec. of Ringer solution, buffered with phosphate (4 parts 

wSed solution) and brought top,, 7-4. The left-hand vessels 

were fiUed in the same way but without tissue. The filling with the gas was done by evaonatiag 
three times, and allmving the required mixture to ran in. The CO. formed during the experiment 

bv "treatment “ the laboratory, ethylene and propylene 

Sim calT phosphoric acid, and acetylene 

nf r solution, dilute chromic add, a 

, ' k an a , and HaOH. The compositions of the gas mixtures employed were 

the same as m oim previous experiments [1932], as they had been tested and proved to be narcotic 
tor the mouse. (Quastel uses some lower concentrations.) The experiments were done at 36-38°, 
he apparatus being shaken for 15 minutes before closing the taps, and the readings taken 
at 10 mmute intervals. The values are worked out for normal temperature and pressure. Each 
xpeiiment was repeated at least four times, often more ftequently. The results agreed very weU. 

As these experiments showed that with washed bram and added substrate 

™ oxygen uptake, we looked for another 
explanation of Quastel s results. An irreversible disturbance of the brain cells, 
due to a prolonged action of the narcotic, seemed to be a possibility. 

.V. +i°i ^ tins hj^othesis we repeated QuasteFs experiments, using his own 
method, hresh hram tissue was shaken in Ringer solution, without adding sub- 
strate, and in the presence of narcotics. Controls contained a mixture of nitrogen 
and oxygen of the same oxygen content, and the same quantity of tissue, 
^ter 3 hours, when the rate of oxjrgen uptake had fallen distinctly, glucose was 
dded and the apparatus refilled with the same gas mixture. In the following 
2 hours we could confirm QuasteFs observations. The oxygen uptake in this 
decreased in the presence of acetylene and oxygen, compared 
TT+T, 1 ^ rogen and oxygen. But this elfeet was only given by acetylene. 

Mhylene and propylene did not act in the same way. With these gases the 
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Table I. 


O 2 uptake ill nun.® of 1 g. tissue alone 
ill the 4tli and 5tli hours 
Extra Oo in presence of glucose 
(0-025 %) 

' O 2 uptake in mm.® of 1 g. tissue alone 
ill the 6th and 7 th hours 
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Inliibi- 


Extra O 2 in presence of glucose 


(0-025 %) 


O 2 uptake in mm.® of 1 g. tissue alone 
in the 4th and 5th hours 

of glucose 


Extra O 2 in 
(0-025 %) 


presence 


O 2 uptake in mm.® of 1 g. tissue alone 
ill the 6tli and 7th hours 
Extra Oo in presence of glucose 
(0-025 %) 

O 2 uptake in mm,.® of 1 g. tissue alone 
in the 4th and 5th hours 
Extra Oo in presence of glucose 
(0-025 %) 


Gas mixture 

Gas mixture 

tion 

Kg: 02 = 4:1 

CH = OH:02=4: 1 

% 

304 

262 

14 

561 

125 

78 

Gas O 2 

Gas O 2 


previously Ng ; O 2 

previously OH^CH : O 2 


388 

278 

28 

602 

247 

59 

Gas mixture 

Gas mixture 


N2;02 = 1 :1 

CH=CH: 02 = 1:1 


297 

280 


398 

217 

45 

Gas Oo 

Gas O 2 


previously No : Oo 

previously CH=CH : O 2 


235 

108 

54 

318 

142 

55 

Gas mixture 

Gas mixture 


No: 02=4:1 

CH3CHo = CHo: 02=4:1 


255 

390 

— 

820 

790 

— 

Gas O 2 

Gas O 2 


previouslj^ N 2: 02 

previously CH 30 H 2 =CH 2 ; O 2 



Oo uptake in mm.® of 1 g. tissue alone 
in tlie 6tli and 7tli hours 

170 

Extra Oo in presence of glucose 
(0-025 %) 

720 

Gas mixture 
N 2 : 02 = 19: 1 

O 2 uptake in mm.® of 1 g. tissue alone 
ill the 4tli and 5th hours 


Extra Oo in presence of glucose 
(0-025 %) 

643 

Gas O 2 

previously N 2 : 0. 

Oo uptake in mm.® of 1 g. tissue alone 
in the 6th and 7th hours 


Extra Oo in presence of glucose 
(0-025 %) 

553 


618 14 

Gas mixture 
0H. = CH2: 02 = 19; 1 

197 — 

563 12 

Gas O 2 

previously CH 2 = CHq : O 2 

115 — 

435 21 


oxygen uptake was tlie same as that of the controls (Table I). The experimen s 
were carried on for another 2 hours, after adding substrate oiice more and filhiig 
up the apparatus now with pure oxygen instead of the gas mixtures used before. 
The results were as expected. We observed a decreased oxygen uptake in the 
vessels which had previously been filled with acetylene, a normal one m fnose 
which had contained ethylene or propylene in the previous 2 hours (iable i). 
This indicates that the inhibitory effect, if it occurs, is an irreversible one. 
Acetylene is known to be a cell poison, and these irreversible effects may ^ be 
ascribed to its toxic action on the cells during the prolonged period during 

which they are exposed to it. . ^ ^ j- 

It was found, in further experiments, that after adding as substrate sodium 
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Table II. 

Gas mixture 
Nq: 02 = 4: 1 
321 


Gas mixture 
CH=CH: 02 = 4; 1 
342 


Inhibi- 

tion 

0 / 

/o 


1969 

1680 

15 

Gas O 2 

previously N., ; 0 , 
205 

Gas O 2 

2 previously CH=CH : 0<> 
140 

30 

1855 

1610 

13 

Gas mixture 

02 = 1 : 1 
320 

Gas mixture 

CH = CH: 02=1; 1 

280 “ 

12 

1820 

1990 


Gas O 2 

previously ; 0 , 
144 

Gas O 2 

2 previously CH = CH : 0^ 
123 

14 

1740 

1840 

— 

Gas mixture 
^ 2 : 02=4 : 1 
332 

Gas mixture 
CH3CH2 = CH2:0.=4:1 
310 


1950 

1820 


Gas Oo 

previouslyNgiOo 

203 

Gas Oo 

previously CH 3 CH 2 = CHg : 0 . 
175 

2 

15 

2180 

2035 

— 

Gas mixture 
1 ^ 2^02 = 19:1 
420 

Gas mixture 

CH3CH2=CH2: 02 = 19:1 
335 

21 

630 

2015 

230 

Gas O 2 

previoustyN^rOo 

300 

Gas Oo 

previously CH 3 CH 0 = CHo ; Oo 
195 

35 

2730 

2055 

25 

Gas mixture 

N 2 : 02 = 19 : 1 
420 

Gas mixture 

CH 2 = CH: 2:02 = 19: 1 

335 “ 

21 

460 

1465 - : 

220 

Gas O 2 

previously : 0 ^ 
300 

previously CHg “CHg : Og 
195 

35 

2930 

2000 

32 
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succinate, instead of glucose, the oxidation was not affected even by the presence 
of acetylene. (A distinct inhibition, which we once observed, is certainly to be 
explained by an experimental error.) In the ethylene-oxygen mixture, with its 
small content of oxygen, we again observed the same stimulating effect of the 
narcotic as was mentioned above. The oxygen uptake in a mixture which con- 
tained only 5 % oxygen was nearly as high as in a mixture with 20 % , and 
much higher than that in a mixture of 95 % nitrogen and 5 % oxygen. In the 
following period, when the vessels were filled with pure oxygen, the condition of 
affairs was reversed. The oxygen uptake in the vessel which previously contained 
Og and Nq was much higher than in that which previously contained O 2 + narcotic. 
These results were confirmed with propylene in low^ concentrations (Table II). 

Each experiment was carried out with 0-5 g. mouse brain. The vessels of the Barcroft apparatus 
contained 3 cc. of the Ringer solution mentioned above, but without addition of substrate. The 
filling with the gas mixt ure of the required composition was performed in the same way as in the 
previous experiments. The manometers were read every 10 minutes, the temperature being about 
37^^. After 3 hours, 0-3 cc. of a 0-25 % glucose solution (or 0*5Jf sodium succinate solution) was 
placed in both cups of two of the manometers, two other apparatus remaining without addition of 
substrate. The vessels were refilled in the same wa}’ as before and with the same gas mixtures. 
After 2 hours’ further shaking the same quantity of glucose (or succinate) was added, the gas 
mixture was removed, and the manometers were filled Avitli pure oxygen. The evacuation and 
rumiing in of oxygen were repeated twice to remove the previous mixture as completely as possible. 
The readings were continued for a further 2 hours. The values given in the table are typical of a 
large number of results, the volumes of oxygen being corrected for normal temperature and 
pressure. 

Summary. 

Tlie suggestion of Qiiastel, that in incubation experiments the solubility of nar- 
cotic gases in lipoids ma}^ give rise to an apparent uptake of oxygen, is disproved. 

Narcotic gases (ethylene, propylene, acetylene) have no inhibitory action on 
the oxygen uptake of brain tissue, depleted of its substrate by washing with 
distilled water, to which glucose, lactate or succinate has been added. 

Experiiiieiits similar to those of Quastel in which, after depletion of initial 
substrate by preliminary^ shaking in Ringer solution with the appropriate gas 
mixture, the oxygen uptake is measured in the presence of ethylene or propylene, 
show’ no inhibitory effect of these gases. The inhibition caused by acetylene, 
which Quastel observed, was confirmed. 

On carrying on the investigations for another two hours, and incubating now in 
pure oxygen, the iiiMbitioii continued in those vessels, which had previously been 
filled with acetydene, while the presence of ethydene and propydene in the tw^o 
hours prior to these measurements caused no decrease in the subsequent oxy’gen 
uptake in pure oxyT-gen. The iiihihition described by Quastel, therefore, is an irre- 
versible toxic effect, due to a too prolonged period of exposure to acetylene. 

The experiments w’ere done in collaboration wdth Frl. M, Lercheiithal, whoiii 
I wish to thank for her help. 

My^ thanks are due to Dr E. G. Holmes for his help and criticism and to 
Dr I. H. Page for his interest in this work. The research was sponsored by the 
Rockefeller Foimdatioii. 
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Lippich [1906] called attention to the insolubility of (y-carbamidn +• 

acid, prepared by the action of potassium cyanate o? urL oTleuc 
gested the use of this deriyative for the isolation anrcLracterSat^^ 
ammo-aeid. Later [1908] he described the carbamido-acids eorrespondino- 
g ycine, ala^ie, a-ammo-*sobutyiic acid, vahne, leucine, aspartic and o-Iutamio 
acids, tyrosine and taurine. He also described the anhydrides of some'of tese 

mX^ofTh?' [1914, 1] he discussed further the re- 

Diooa seium. Dakm [1910, 2] obseryed the production of carbamido-acids in 

Hondo [1912] found the reaction useful for the isolation of amino-acids from 
mine. Howbeit until lately apparently no amino-acid had been isolated in this 
way from normal or pathological urine unless it had first been fed in Quantity 
to the animal or introduced dii-ectly into the blood-stream or the urtoe its^H 
Hoppe^Seyler [1933] has obtained a carbamido-hydantoin derivatiye of lysine 
from the ^rme of a cystmuric patient, using a silyer precipitation “ 

Lippieh [1914, 1] and Dakin [1918] called attention to the usefulness of the 

SthfktTei^''Dl2,f,r ammo-acids for the isolation and characterisation 
ot the lattei Dakin lemarks that the ordinary hydantoins are more useful in 

Shods n9l8 igSl “r thiohydantoins. He described 

etlaods [IJlb, 1920] foi tlie purification of proline and liydroxyproline resnec- 

“ tbJbydLntoS^d:. 

It does not appear from the literature that anyone has conyerted nroteiu 
hydrolysates as a whole into the carbamido-acids or hydantoins with a yiew 
to the separation of the deriyatiyes of the yarious amtoo S to thlX 
imina^ paper experiments are descnbed which show that it is easy to isolate 

protein hydrolysates as the corresponding oarb- 
i obtained by other methods The method 

quatoly ^ 25 g. being a suitable 
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Perhaps the greatest advantage consists in the certainty of the characterisa- , \ 

tion of the ammo -acids isolated in this way. In particular the melting-points 

of the carbamide -acids and hydantoins are more characteristic than those of the . ; 

amino-acids themselves. 

Ill general the hydantoins are less soluble in water than the amino -acids 
from which they are derived. One part of leucine dissolves in 44 parts of water 

at 20° whereas one part of the hydantoin requires 400 parts. There is also a j' 

general parallehsm between the solubilities of the amino-acids and those of the j 

corresponding hydantoins. { 

The possibility of evolving a scheme for the separation of the a-carbaniido- | ' 

acids and hydantoins from each other is favoured by the solubility of many of j | 

these substances in organic solvents. ) ,j 

Various proteins, including caseinogen, cod-muscle protein, gelatin, edestin | j 

and haemoglobin were hydrolysed by boiling with hydrochloric acid. The 

hydrolysate in each case was converted into a mixture of carbamide -acids by | j 

removal of the acid as far as possible by concentrating m vacuo ^ neutralising ''j 

and boiling the mixture of amino-acids with potassium cyaiiate or urea. After 

careful acidification of the cold solution to the turning point of Congo red, a ; 

precipitate separated out. On re crystallisation of tliis material, after decolora- i 

tion of its aqueous solution with charcoal, it was found to consist of a mixture 

of the earbamido-acids derived from leucine, i^oieucine (if present in the protein) I 

and phenylalanine. Means ivere found whereby these were separated from each 
other in the form of the hydantoins. 

The carbamido-acids remaining in solution were separated into two fractions, 
viz, those soluble in alcohol at pg 4, and those insoluble. The carbamido-acids 

derived from the monoamino-mono carboxylic acids are soluble in alcohol at ’i|; 

this p jj , whereas the greater part at least of the remaining material is relatively 
insoluble. In some experiments this separation by means of alcohol was carried 
out before precipitation of the water -insoluble carbamido-acids. 

An alternative method of removing the derivatives of some of the mono- 
amino-monocarboxylic acids depends on the solubility of their hydantoins in 

ether or chloroform. The hydantoins obtained from glycine, serine, cystine, | 

cysteine and tyi'osine are however insoluble in these solvents. 

By separating the carbamido-acids by means of alcohol at pg- 4, and con- 
verting them into hydantoins in the usual way, the derivatives of leucine, 

^'^oleucine, valine, plienylalaiiine, alanine, proline and hydroxyprohne can be 
removed by means of ether or chloroform and that of tyrosine obtained in pure 
crystalline form from the residue insoluble in ether. 

In the case of cod-muscle protein the amount of t;)n*osine so isolated was greater, 
ill the case of caseinogen less, than the values previously recorded. It vras found, 
however, that the extraction of oc-oarbamido-^-(p-h3^droxyphenyl) propionic acid 
at pjj 4 by means of alcohol was not complete since the insoluble fraction stiU 
gave a strong Millon’s reaction. This may be explicable by the resemblance of 
the carbamido-acid to the dibasic derivatives since it possesses a phenolic group. 

Undoubtedly the technique can be improved to give a more nearly quantitative 
separation of the tjTOsine derivative. 

Means were sought for the separation of the various hjT-daiitoins derived 
from the moiioamino-monocarboxyhc acids. To this end the approximate solu- f 

bihties of the individual hydantoins in various solvents were determined. It is ; 

hoped to publish the data obtained at an early date. Peculiarities of solubility 
which have been found useful are discussed below. 

^^oButylhydantoin (from leucine) can be extracted, along with most of its ’’ 
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liomologues and other substances already mentioned, by means of ether. Prom 
the mixture so obtained the leucme isoleucine and phenylalanine deriVatives 
can be separated together bA^' utihsing their insolubility in water. Of these 
tliiee, that of leucine has the lowest solubility in chlorofoim and small quantities 
of the other two as weU as the derivatives of valine and proline can be removed 
from larger amounts of leucine by the use of this solvent. Benzene gives a more 
complete, if more tedious, separation, however, since the hydantoin from leucme 
IS only soluble to the extent of one part in about 25,000 parts of benzene at 20° 
the other substances concerned bemg many times more soluble. A htre of 
benzene at 20° removes only 0-5 g. of benzylhydantoin but at higher tern 
peratures the isobutyUiydantoin becomes more soluble and the separation less 
complete The active and racemic varieties of isobutyUiydantoin do not show 
marked difterenees in solubdities, melting-points or crystalline forms. 

secButylhydantoin (from woleucine) is much more soluble in water ether 
chloroform and benzene than arewobutjd- and benzyl-hydantoins. secButvl- and 
benzyl-hydantoins can be separated from isobutjdhydantoin most completely 
by means of benzene as mentioned above. Whereas «- carbamide -secbutylacetic 
acid IS less soluble m water than a-carbamido-j8-phenylpropionio acid, secbutvl- 
lydantoin is much more soluble than benzylliydantoin. By utilising these two 
solubihty relationships alternately, afanlygood separation of racemic isoleueine 
from phenylalamne is obtainable. 

Active secbiitylhydantoui crystalhses from water with 1H,0 and this pro- 
perty can be used for its precipitation from benzene. A few drops of water 
added to a solution of active sccbutyl- and benzyl-hydantoins in benzene 
pieoipitate the hyefrate of the former almost completely. Active isopropyl- 
^^dantoin separates from benzene in the same form as active secbutylhydantkn 
Ihe separation of these two substances from one another (whether active or 
racemic) depends on the greater insolubihty of the seebutylhydantoin 'in water. 

^ ternatively the mixture of the two may be converted into the earbamido- 
acids and the less soluble a-carbamido-secbutylacetie acid separated by erystalli- 
sation from water. Active ^ecbutylliydantoin can sometimes be*' made to 
ciystalhse from water in large flattened needles which may be 2 cm. in len<.th. 
These can be picked out with forceps and wiped clean. A specimen can Bins 
be obtamed pure without using benzene. It is also possible to erjrstalhse a 
mixture of the leucme and isoleueine derivatives from water in such a way that 
a crop of the former separates out &st and the mother-hquor after filtration 
deposits needles of the latter free from the isomeride. As pointed out by Dakin 
ana Uumey [1914] progressive, raeemisatioii of the hydantoins occurs when they 
are heated with mineral acids but more slowly thaii in alkaline solution. If the 
conversion of the carbaniido-aoids into the hydantoins be carried out with due 
care Ifitle racemisation oecims, but the possibility that both the active and 
racemic forms may be present must be considered. Of course racemisation may 
occur under certam conditions of hydrolysis of the protem and also in the 
conversion of the amino-aeids into carbamido-acids by boifiiig the hydrolysate 
witii iirea« under alkaline conditions. 

®®’izy%daatoin (from phen3dalanine) can be separated from fsobiitylhydan- 

tom by means of benzene as described. Its low solubility in water (1 ; 500) provides 
a confluent means of separating it from the other ether- soluble hydantoins. 

j 1 (from tjorosine) is almost insoluble in cold water, 

ether and chloroform. It, is fairly soluble in alcohol and in Acetone and to a smaU 

extent in ethjd acetate. On acetylation of the phenolic group a substance soluble 

in etker is obtained. > 
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Metliylliyclaiitoin (from alaniiie) is very soluble in water and in alcoliof 
moderately soluble in ether. It can be obtained in quantity from silk fibroin hj 
hydrolysis of the protein, conversion of the amino-acids into hydaiitoins and 
extraction of the methylhydantoin with ether in a continuous extractor. 

Ordinar^T- hydantoiii is insoluble in ether and only moderately soluble in 
alcohol. It can be precipitated in quantity from the mixture of hydaiitoins 
obtained as above from silk fibroin by adding alcohol to the concentrated 
solution. It can then be partially purified from the salts, which are also pre- 
cipitated by the alcohol, by extraction with hot glacial acetic acid from which 
the hydantoiii crj^stallises on cooling. A further purification can be effected b}" ex- 
traction with acetone in a Soxhlet apparatus. A separation of glycine and alanine 
from each other is thus available which should find use as an adjunct to the ester 
method in which these twn aiiiino-acids may be obtained in the same fraction. 
Hydantoic acid is less soluble in alcohol than hydaiitoin, and this proper!}^ has 
also been found useful. 

The hydantoiii from proliiie has a similar sohibilit}^ in water to that from 
valine but it is much more soluble in chloroform and in benzene than the latter. 
Dakin [1918] described the purification of proline by extraction of the carba- 
mido-acids by ether, that derived from proline being insoluble, followed by 
conversion of the proline derivative into the hydantoiii and extraction of the 
latter by ether. This process succeeded no doubt under the conditions obtaining, 
but it is necessary to point out that a-carbamido-i^obutylacetic acid is only 
soluble to the extent of one part in 50,000 parts of wet ether [Lippich, 1914, 1] 
and so could not be removed as such from the proline derivative by that solvent. 
It is suggested here that in Dakm’s experiments no leucine was present, or the 
acidity of the solution was such that the hydantoiii was slowly formed in the 
case of the leucine derivative, while the proline derivative remained unaltered. 
Lippich [1914, 1] criticises the statements of Weiland [1912] and Embdeii and 
Schmitz [1912] that the carbamido-acids are soluble in ether. He gives the.ether- 
solubility of the phenylalanine derivative as 1 : 4000 and that of the tyrosine 
derivative as 1:3000. 

The hydantoiii from hychoxy proline is more soluble in water than that from 
proline and much less soluble in benzene and in chloroform than the latter, 
benzene being particularly useful for the separation of the two. The high solu- 
bihty of the hydroxyproliiie derivative renders it unsuitable for final isolation 
and weighing of the amino-acid in this form. Dakin [1920] extracted the 
hydantoin from hydroxyproMne with ether and reconverted it into the amino - 
acid. 

H3^droxymetliylhydantoin (from serine) has a similar solubility in water to 
the hydantoin from proline, but it is insoluble in ether and in chioroform. On 
acet^dation a substance soluble in ether is formed. 

/:J-Methylmercaptoeth 3 dii 3 rdantoin (from methionine) is very soluble in water, 
and also in chloroform. It is fairly soluble in ether and slightly soluble in cold 
benzene. 


Dithiomethyldihydantoin (from c^^stine) is insoluble in w'ater, alcohol, ether, 
chloroform and benzene. The tyrosine derivative, being soluble in alcohol, can 
be separated from it by that solvent. 

Thiolmeth^^Uiydantoin (from cysteine) has not been obtained crystaUine. It 
appears to be vei*}?* soluble in water and in alcohol, but only slightly soluble 
ill ether, in chloroform and in benzene. 

It will be observed that a means of fractionating the sulphur of proteins is 
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The liydaiitoins of the dicarboxjdic amino-acids are insoluble in alcohol at 

6-7, If ammonia be added to an alcoholic solution of iiydantoinpropionic 
acid the ammonium salt is precipitated above pg- 6 but redissolves as the pg- 
value of the solution is raised. A precipitate again forms (other than aiii- 
inoiiium chloride) on bringing the of the solution back to the region of 
neutrality. Since the hydantoins derived from the monoaiiiinomonocarboxylic 
acids are soluble in alcohol at neutrality a method of separating the two groups 
is available. Unfortunately the presence of the derivatives of histidine and of 
arginine introduces complications. These substances have basic groups which 
do not react with potassium cyanate, and so they are capable of forming salts 
with the hydantoin derivatives of the diearboxyiic amino-acids. It appears 
that salts of this kind may be soluble in alcohol. 

Hydaiitohiacetic acid (from aspartic acid) is very insoluble in wmter but 
crj^stallises slowly; the glutamic acid derivative is much more soluble. Both 
are insoluble in ether, chloroform and benzene. The hj^dantoin of pjrrrolidoiie- 
carboxylic acid is slightly soluble in these three solvents at 20°. 

S-Carbamido-w-butylhydantohi (from lysine) has been studied lately by 
Hoppe-Se 3 der [1933]. It is moderately soluble in water, sparingty soluble in 
alcohol and insoluble in ether. 

The arginine derivative is soluble in water, but insoluble in alcohol and in 
ether. The hydi'ochloride has similar properties. 

GiyoxaIiiie-4 (or 5)-meth3dhydantoin (from histidine) is very soluble in water 
and in alcohol and slightly soluble in wet ether. The h^xirochloride behaves 
similarly. The hj^dantoin has not been prepared in the pure condition; an 
acetyl derivative has however been obtained. 

Besides these substances the hydantoins derived from norleucine, tiorvaliiie, 
a-aiiiiiiobutyrie acid, a-amino?*^obut 3 ?xic acid, tryptophan and other amino-acids 
have been studied to some extent. 


ExPEEIMENT^kL. 

Preparatmi of carbamido-acids and hydantoins from amino-acids and 
deter mi natiori of their solubilUies. 

Various carbaniido-acids and hj^dantoins were prepared from pure amino-acids for the deter- 
mination of melting-points and solubility data. 

The amino-acid was heated in solution with 1 J equivalents of potassium cyanate for 30 minutes. 
The solution was then cooled and carefully acidified with dilute hydrochloric acid to the turning 
point of Congo red. If the carbamido-acid were sufficientty insoluble in water it wms filtered off 
and recrystaliised from water. 

If the carbamido-acid could not be obtained readily in crystalline form, excess of hydrochloric 
acid was added and the solution was evaporated to dryness on the water-bath. The residue was 
extracted with alcohol or in some cases with ether, chloroform or hot benzene. The solution so 
obtained was evaporated to drjmess, and the hydantoin wms ciystallised twice from water. In 
some cases the separated carbamido-acid was used for preparation of the hydantoin. 

Solubility determinations were carried out as follow’s. A hot saturated solution of the de- 
rivative was cooled and kept at 20° for 24 hours. In cases where a copious precipitate wms 
deposited at once when the hot solution w^as cooled, this time was shortened to a few hours. The 
separated material w^as filtered off and a wvighed or measured quantity of the liquid (betwven 
1 and 5 cc.) wus evaporated to dryness in a tared dish. The residue w'as then dried and weighed. 
Throughout this "work nitrogen determinations wmre carried out by the micro -Kjeldahl method 
and the melting-points given are uncorrected. 
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The isolation of the derivatives of leucine^ i&oleucine, phenylalanine and 
tyrosine from cod-muscle protein, 

Cod-miiscle protein, was prepared as described for halibut-muscle protein bj^ Osborne and 
Heyl [1908]. The protein (25 g. calculated on the dry ash-free basis) was hydrotysed by boiling 
with 250 cc. of 22 % hydrochloric acid for 40 hours. The acid was then removed as far as possible 
by evaporation in vacuo^ and the residue was dissolved in 250 cc. of water. The solution was 
filtered and neutralised to litmus with sodium hydroxide solution. 30 g. of potassium cyanate 
were added,, and the solution was boiled gently for 2 hours and then concentrated to a volume 
of approximately 100 cc. Sulphuric acid {25 %) was added to the cooled liquid until the excess 
of cyanate had been destroyed and the licjuid was neutral to Congo red. On addition of 400 cc. 
of 95 % alcohol with stirring, much material dissolved in the alcohol whilst a pasty mass re- 
mained undissolved. The alcohol was decanted off and a fresh quantity added with vigorous 
stirring. The mass of salts and carbamido- acids was in this way extracted with about 1500 cc. 
of alcohol in five portions which were all decanted ofi and united. The alcohol deposited a little 
insoluble syrupy material on standing and was decanted from this next day. 

A little water was added to the alcohol and the solution concentrated in vacuo to 100 cc. 
A precipitate separated out and was filtered off next day and recrystallised from water. It 
yielded 2-9 g. of material melting at 203° and containing 15*83 % of nitrogen. A further quantity 
of 0*7 g. of material was obtained in two crops melting at 197° and 180° respectively. The sub- 
stances crystallised in needles quite insoluble in ether. 

a-Carbamido-'isobutylacetic acid prepared from commercial Weucine (found: JST, 10*71 %, 
calc. 10*69 %) melted at 201—202° both in an open and closed capillary and contained 16*05 % N 
(calc. 16*09 %). The derivative of purchased riMeucine (10*75 % N) melted at 195° both in an 
open and in a closed capillary and contained 16*01 % N. Lippich [1908; 1914, 1] found the 
melting-point of the active carbamido- acid to be 189-190° in a closed capillary and 200-210° 
in an open capillary. Daldn [1910, 1] fomid it to be 205-208°. Pinner and Spilker [1889] found 
200° for the melting-point of the carbamido -acid. 

The isolated material was dissolved in hot alcohol, 20 cc. of 5 % hvdrochloric acid were 
added, and the solution was evaporated to dryness on the water- bath. The\'esidue was extracted 
repeatedly with small quantities of chloroform, and the insoluble portion was crystallised from 
water. Thereafter it w^eighed 1*8 g., melted at 209° and contained 17*92 % N. Under the micro- 
scope it appeared as thin plates, and macroscopically it was a light flaky powder like leucine itself. 

The hydantoin prepared from pure Z-leucine was similar in appearance. It melted at 212° in 
an open capillary and contained l/*98 %N (calc. 17*95 %). A mixture of the two substances 
melted at 210°, The hydantoin prepared from i^Weucine melted at 209°. Dakin [1910, 1] gives 
212 and Pinner and Lifschiitz [1887] 209—210° for the melting-points of the active and racemic 
hydantoins respectively. The hydantoin relatively insoluble in chloroform was therefore the 
deiivative of ordinary leucine. Ihe properties of the derivatives of i^oleucine and worleuciiie are 
described below. 

The cliloroform solution was evaporated to dryness and the residue crystallised from water. 
A crop of needles separated and was filtered off. It weighed 0*25 g. The mother- liquor was con- 
centrated and a further crop of large needles crystallised along with a little ifiobutylhydantoiii. 
Many of these needles, ^ which were over 1 cm. in length, were separated by means of forceps and 
viped clean. When dried in the desiccator they weighed 0*6 g. The residue was evaporated to 
dr^/ ness together Avith the aqueous mother-liquor from the crystallisation of the material insoluble 
in chloroform. The dry residue Avas treated AAuth hot benzene and the suspension filtered AAdien 
cold. The insoluble matter Avas recrj^stallised from Avater. It melted at 206° and the melting-point 
AAas uiialteied AAheii the substance AAms mixed AAdtli isobutylhydantoin. It weighed 0*09 g. On 
CA aporation of the benzene and cr37'stallisation of the residue from Avater a mixture of needles 
and hexagonal plates aars obtained, AAfficli after being dried in the desiccator AAeighed 0*3 g. 

The substance AAhich crystallised in needles agreed in all respects AAutli the hydantoin prepared 
liom active /.soleucine and described below. It melted at 95° when heated rapidty. If the finely 
powdered substance Avere heated slowly it lost Avater of crystallisation Avithout melting com- 
pletely and then melted hetAveen 120° and 130°. The hydrated compound contained 16*12 %lsl 
(caic. 16*09%). 
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a-Carbamido-s€cbutylacetic acid has not been described Mtberto. 0-3 g. of commercial d-iso~ 
leucine (10*71 % N) was boiled with excess of potassium cyanate in 5 ce. of water for 15 minutes. 
When the cooled liquid was acidified carefully with dilute sulphuric acid the carbamido-acid -was 
precipitated. This was filtered off and recrystallised from water. It crystallised in cubes and 
long flattened prisms and melted at 205°. It contained lo*95 % N (calc. 16*09 %). Its solubility 
in water at 20° was 1:700 approximately, whereas that of a-carbamido-i^obutylacetic acid is 
given as 1 : 1700 by Lippich [1908]. A mixture of equal parts of the carbamido- acids from leucine 
and isoleucine melted at 201° in an open capillarju 

.secBiitjdhydantoiii has not been described hitherto, but Lippich [1908] probably obtained it 
without being aware since he observes that isobutylhydantoin crystallises from, ether in needles. 
The presence of isoleucine in the leucine used by him for the preparation of carbamido -isohut vl- 
acetic acid accounts for various discrepancies in melting-points and solubilities recorded by that 
author. 

The liydantoin prepared from commercial <^-isoleucine crystallised in long needles which gave 
up w^ater of crystallisation on fusion. The hydrated product melted at 95° when the capillary 
containing the substance was suddenly immersed in a bath at that temperature or 'when a small 
crystal was placed in the capillary instead of the finely powdered material and the temperature 
raised in the usual w’ay. When the powdered substance was heated slowdy it melted betw^een 
120° and 130°. After careful fusion a melting-point of 150° 'vvas found with slight softening at 
145°. Amongst the needle-like crystals which composed the bulk of the preparation a fe'W hexa- 
gonal and rhombic plates were visible under the microscope. ’When the hydantoin wms dissolved 
in dOiite alkali and the solution ■warmed for some time, the hydantoin recovered by acidifying 
with excess of hydrochloric acid and boiUng crystallised almost entirely in these plates. Dakin 
[1910, 1] has showui that the active hydantoins are readily racemised in alkaline solution, iso- 
propyl- and benzyi-hydantoins sliow^ a similar change in crystalline form, when the optically 
active substances are kept in alkaline solution for some hours. Racemisatioii also occurs gradually 
■when the active h^’^dantoins are heated wdtli concentrated hydrochloric acid. 

The needle-like crystals of hydrated active secbutylliydantoin contained 15*93 % N (calc. 
16'09 %). The substance crystallised from hot diy benzene in plates. If a few drops of water 
be added to a solution of active secbutylhydantoin in cold benzene a flocculent precipitate of the 
hydrated compound is throwm do'wn in the form of extremely fine fi.laments. These evidently lose 
water readily since some of this material dried at 40° contained 17*66 % N. The same material 
dried at 150° for 3 hours contained 17*50 % N. Probably slight decomposition occurs at this 
temperature wfith loss of nitrogen. 

In order to remove any suspicion that the nodeucine derivative might be present in the 
insoluble carbamido- acid fraction the carbamido-acid and hydantoin derived from that amino- 
acid were prepared by synthesis from ?i-hexoic acid. The acid was brominated by means of 
bromine and amorphous phosphorus and the product ‘was poured into Avater and washed re- 
peatedly with w'ater. The a-bromo-n-hexoic acid w^as heated ■wuth large excess of concentrated 
ammonia in a closed vessel at 100° for 4 hours. In this way 30 g. of «-hexoic acid yielded 19*5 g. 
of ?i(orleiicine containing 10*87 % N (calc. 10*69 %), The phenyl isocyanate derivative melted at 
137° and the pbenylhydantoin at 110°. The phenyl isocyanate of i-??orleucine melts at 133° and 
the phenyllij^dantoin at 110-111° [Abderhalden and Heyns, 1933]. 

The carbamido-acid melted at 176° and contained 15*86 % N (calc. 16*09 %). Kondo [1912] 
lound the melting-point of the inactive a-carbamido-?i-hexoic acid to be 165°. One part of the 
carbamido-acid dissolved in approximately 375 parts of water at 20°. oc-Carbamido-rt-hexoic acid 
can therefore be separated from the leucine derivative and less completely from that of isoleucine 
by crystallisation from water. It would not appear in the insoluble carbamido-acid fraction unless 
present in considerable cjuantity in the protein. 

The hydantoin melted at 139° and contained 17*78 % N (calc. 17*95 %). One part of ?i-butyi- 
hydantoin dissolves in approximate^ 200 parts of water at 20°. 

The quantities of a-carbamidobutylacetic acids, isobutyl- and secbutyl- hydantoins isolated 
correspond to 10*2 g. of leucine- isoleucine or 6*1 g. of leucine and 3*6 g. of isoleucine per 100 g. 
of protein. 

The mother-liquors from which the insoluble carbamido -acids from leucine and isoleucine 
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I were first separated and that from which they were recrystallised were united, acidified with 

* excess of concentrated hydrochloric acid and concentrated on the water-hath to a syrup. This 

syrup was stirred repeatedly with fresh quantities of ether until very little material 'was being 
removed each time. The ether was distilled oh and the residue crystallised from water. In this 
way a crystalline fraction and a syrup were obtained. The former might he expected to consist 
chiefly of hydantoins from phenylalanine, leucine, i^oleucine, valine and proline and the latter 
of those from valine, proline, hydroxyproline and alanine in so far as the related amino -acids 
were present in the protein. 

The crystalline ether-soluble hydantoins were recrystallised from water. A relatively insoluble 
product was obtained which melted at 190-191°, contained 15-53 % N, and weighed 0-55 g. The 
greater part of this material was in short thick prisms which were transparent at first but became 
^ opaque as they dried in a desiccator. When the substance was strongly heated in a dry test-tube 

it emitted the odour of phenylacetaldehyde, and on ignition it burned with a smoky luminous 
flame. From these observations together vdth solubility considerations it was evidently a mixture 
^ of benzyl- and isobntyl-hydantoins. 0*2 g, of the dry material was therefore suspended in 500 cc. 

of benzene. The benzene suspension was warmed for some time, cooled and kept at room tem- 
perature overnight. The nsoluble matter Avas then filtered off, washed with cold benzene, dried 
and weighed. It ATOighed 0-05 g. and melted at 197-202°. After re crystallisation from water it 
melted at 206°. A mixture with pure ^sofoutylhydantoin melted at the same temperature. The 
benzene filtrate was shaken repeatedly Avuth ammoniacal water and the aqueous solution was 
I concentrated to small volume. As the concentrated solution cooled a substance crystallised out in 

rectangular platelets. This material melted at 189-190° and contained 14-79 % N (calc, for benzyl- 
hydaiitom 14*73 %), Wheeler and Hoffman [1911] give the melting-point of <l?-benzylhydantoin as 
190° and Dakin and Dudley [1914] give 195-196°. The active variety melts at 181-183° [Dakin and 
Dudley, 1914]. Concentration of the ammoniacal solution causes raceuiisation of the hydantoin. 

The amount of benzylhydantoin in the mixture corresponds to a yield of 1-4 g. of phenyl- 
alanine from 100 g, of protein, and the additional i.9obutylhydantoin raises the yield of leucine 
to 6-6 g. from 100 g. of protein. 

The syrupy residue from which the benzylhydantoin and other hj^dantoins had been extracted 
by means of ether was diluted to about 100 cc. and kept for some days. It gradually deposited 
large spherical aggregates of a substance which Avas very insoluble in water and in ether, gave 
Millon’s reaction strongly and after recrystallisation from hot AV’-ater melted at 234° and con- 
tained 13-80 %N (calc, for C 10 H 10 O 3 N 2 J ^ 13-59 %). p-Hydroxybenzylhydantoin melts at 242- 
245° in a closed capillary [Lippi ch, 1908]. Wheeler and Hoffman [1911] give the melting-point of 
dLp-hydroxybeiizylliydantoiii as 257-258°. The amount of material isolated was 0-85 g. corre- 
sponding to 3-0 g. of tyrosine from 100 g. of the protein. 

The yield of tyrosine obtained by crystallising the amino-acid itself from a hydrolysate of 
150 g. of cod-muscle protein Avas 2-3 g. per 100 g. of protein, a figure AAdiich agrees with that of 
Osborne and Heyl [1908] for halibut-muscle protein. HoweA^er, Milloii’s reaction showed the 
presence of much tyrosine in the mother-Hquors. 

The meltiiig-poiiit of the isolated material was raised to 247° hy recrystaliisation from alcohol. 

t* The isolation of the derimtives of leucine^ imleiicine, valine^ 

■phenylalamne and tyrosine from caseinogen. 

As in the case of cod-muscle protein 25 g. of the protein (commercial caseinogen), calculated 
on the dry ash-free basis, were used. The method differed from that described above in that the 
water -insoluble carbamido-acids were precipitated and filtered off before extraction of the de- 
rivatiA^es of the inonoaminomonocarboxylic acids by means of alcohol at Ph 

The precipitate of insoluble carbamido-acids was decolorised by means of animal charcoal and 
reciystallised from hot water. Two different experipients gave almost the same yields of a mixture 
of a-carbamido-isobutylacetic and a-carbamido-secbutylacetic acids corresponding to 9-3 g. of 
leuoine-isoleucine per 100 g. of protein. The mixture melted at 197° and contained 16-04 % N. 

0-75 g. of this material Avas dissolved in dilute alcohol. A few cc. of concentrated hydrochloric 
acid were added, and the solution was evaporated to dryness on the Avater-hath to effect con- 
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version into the hydantoins. The residue ’svas dried at 100“ and then treated ivith 500 cc of hot 
benzene. The benzene suspension was cooled and filtered after some hours. The insoluble materill 
was drsso ved in hot alcohol the solution filtered, diluted with water and concentrated f 
of hydantom were obtained by crystallisation. This melted at 208“ and contained 18-02 n' 

It was therefore pure ^A‘obntylJ.iydantom. 

The benzene filtrate was shaken repeatedly with fresh quantities of ammonia water and the 
aqueous extracfe were evaporated to drjmess. The residue weighed 0-15 g. It was dissolved in^a 
httle hot benzene, the solution w-as filtered and the filter-paper was washed with hot benzene 
The precipitate which separated as the benzene cooled was filtered off and dried for 3 days at 90“’ 
It weighed 0.12 g. and melted at 145-150“ and contained IT-oO ft orystaUised fro^wate; 
p< t j m platelets partly m needles and was evidently a mixture of active and racemic secbutyl 

hjdantoms. Ihe shghtly low N content is due to the difficulty of expelling the last traces ^of 
water from the active material. r o lasu riacos ol 

A further 0-04 g. of active acchutylhydantoin was obtained from the aqueous mother-liauor 

fddfiiru ‘t T reerystallised by precipitation from benzene on 

-buX*„S. 

The proportion of leucine to osoleucine derivative in the insoluble earbamido-acids was 4-1 
corresponding to 7-0 g. and 1-7 g. of leucine and iaolaucine respectively per 100 g. of protein 

Ihe ethei-soluble hydantoins, obtained as described for cod-iausele protein, were crystaffised 

i r„ , I “r*”*" »l» -tatj-l- .nd b„,,l.hsd„tol» by me.™ „f b„„„e „ 

de ci bed lor cod-muscle protein. The weight of the mixture was 0-85 sr. and the proportion 
o ? r ^ to 0-7 g. (8-3 g. altogether) of Leine, 

and2-2g. of phenylalanine per 100 g. of protein. ® ^ ^ 

A second fraction of the ether-soluble hydantoins, more soluble in water than the first was 

«' ..3 

The remainder of the ether-soluble material was concentrated to a sticky consistency and 
was rubbed up with oOO ec. of hot benzene. When the benzene was filtered ani allowed to stand 
f / P“<^iprtate wffich consisted of a felt of fine needles. This was filtered off and re- 
18 fo N desiccator for some days it was found to contain 

iol SO^to 1, material was indefinite and appeared to vary 

om 80 to 130 accordmg to the time of drying and the rate of heating. It crystallised from 
water m long needles wffich melted at 112“. One part dissolved in 40 parts of waL at 20“ 
dZ-\ahn0 was synthesised from isovaleric acid in the manner ali-eadv described for 

n?0™(cat ™TTff -'•bamido-acid contained 

'“if , ® Iiydantom contained 19-77 % N (calc. 19-71 <>'}. The carbamido- 

Ur n “ oimmmU di-v.Un, mid 

14.> Lippich [1914 IJ gives the melting-point of the hydantoin in a closed eapinary as 132“. 

those'rfd/TInSf ’^T “ iiexagonal and rhombic plates similar to 

If wlto ^ T “ approximately 23 parts 

of w ater at .0 , 130 parts of ether, 130 parts of chloroform and 2000 parts of benzene. 

soluirfu W r ■ I* 12-16 o/„ N. The hydantoin prepared from it w-as 

to 1 1- T separated in a felt of fine needles. These melted indefinitely 

noint Vil “ determining the melting- 

matertl 't" ll ‘ i^emisation, however, the nitrogen content of 

material e^ stallised from benzene and dried at ordinary temperature was 19-89 %, and the 

J2p..j'"«2r' ■!"■*«> 1» .pp™.,clj 

.p.bX“ 3 *■ “ ” 
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Tliat fraction of the hydantoins which was insoluble in ether but derived from carbaniido- 
acids soluble in alcohol at deposited a precipitate of jo-hydroxybenzylhydantoin in microscopic 
needles. When this was filtered off and reerystaUised from dilute alcohol it melted at 248° and 
contained 13-79 % bT. It weighed 0-80 g. corresponding to a yield of 2-9 g. of tyrosine per 100 g. 
of protein. 

The isolation of the denvatives ofleucme, j^henylalanme and j)folme from gelatin. 

Some proteins present an easier problem than others. In the case of gelatin the absence of 
?.soleiicine and valine in considerable quantities permits a comparatively easy separation of the 
hydaiitoin of proiine« 

A gelatin hydrolysate was made slightly alkaline with sodium hydroxide solution and boiled 
with urea equal in weight to the gelatin used. The solution was then made strongly acid by 
addition of concentrated hydrochloric acid and was boiled for 3 hours. (In the presence of urea 
and salts the formation of the hydantoins from the carhamido-acids takes place more slowly 
than in the case of pure carbamido-acids.) The solution of hydantoins was extracted with ether 
in a continuous extractor for some days. A mixture of hjnlantoins was obtained from vdiicli 
the derivatives of leucine, phenylalanine and proline were obtained pure by re crystallisation from 
water and the use of benzene as already described. The proliiie derivative contained 20-09 % N 
(calc, 20-0 %), and melted at 157°. ’When the isolated compound was mixed with a preparation 
made from pure proline picrate (m.p. 148°) and melting at 165°, the melting-point of the mixture 
was 161°, 

There is no doubt that in the case of gelatin the yield of these three derivatives could be made 
practically quantitative, but in view of the desirability^ of proceeding with other parts of the 
work the experiment was discontinued. 

The isolation of the derivatives of tyrosine^ glycine ami alanine from silk fibroin. 

The protein (50 g. of silk waste calculated on the dry ash-free basis) was converted into a 
mixture of hydantoins in the manner described for gelatin. Potassium cyanate was however used 
instead of urea. 

On concentration of the solution to 300 cc. about 3-5 g. of dark-coloured p-hydroxybenzyl- 
hyclaiitoin separated and were filtered off. It gave an intense Millon reaction. The filtrate was 
concentrated to a syrup and treated with 300 cc. of absolute alcohol. A mixture of salts and 
organic matter was precipitated and was filtered off after several hours. The new filtrate was 
concentrated m vamo and the residue was again treated with 300 cc. of absolute alcohol. More 
organic material separated, crystallising on the side of the beaker where it had been scratched. 
This was also removed by filtration. A third crop was obtained in like manner. The separated 
material was treated with 350 cc. of hot glacial acetic acid, and the liquid was filtered hot. The 
insoluble salts were "washed repeatedly with hot glacial acetic acid, and the washings were added 
to the rest of the acetic acid solution. As the solution cooled a crystalline substance separated 
and was filtered off. A further quantity was obtamed on evaporation of the acetic acid. The 
crude product was boiled in solution with dilute liy^drocliloric acid in order to reverse any 
acetylation ivhich might have occurred. The solution was then evaporated to dryness, and the 
residue was extracted with acetone in a Soxhlet apparatus. After crystallisation from water the 
extracted material melted at 222° and contained 27-81 % N (calc, for hydaiitoin 28-0 %). A mix- 
ture with pure ordinary hydaiitoin (m.p. 220°) melted at the same temperature. The weight of 
hydaiitoin thus isolated was 14 g. corresponding to 21 g. of glycine per 100 g. of protein. 

An unsuccessful attempt ivas made to separate the rest of the glycine and alanine from the 
mother-liquor as the carhaniido-aeids. For this purpose the solution of hydantoins was boiled 
with dilute alkali. This line of attack was abandoned, however, and the hydantoins were reformed 
in the racemic condition. 

The mother-liquors were concentrated and extracted with ether in a continuous extractor. Small 
amounts of benzyl- and secbutyl-liydantoins were removed in the first few hours; thereafter a 
hydantoin very soluble in water collected in the receiver. The extraction was slow, occupying 
a period of many days, and the experiment was discontinued when about 6 g. of substance had 
been collected. This was crystallised from water, from wliich it separated, with water of crystallisa- 
tion, in microscopic dunib-bell or kidney-shaped aggregates. It melted at 143° and contained 
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24-45 % N after being dried at 100°. Methylhydaiitoin requires 24-56 % N. Konigs and Mylo 
[1908] found that the racemic hydantoin melted at 146*5°. ^ 

The amount of meth^dhydantoiii isolated corresponded to 9 g. of alanine per 100 g. of protein, 
but considerably more could have been obtained if the extraction had been continued. 


DlSCtrSSIOK OF BBSFLTS. 

Whether it be considered by itself, or in conjunction mth previously existint^ 
methods of protein analysis, the carbamide -method shows promise of com 

siderable utility. 

^ It siiould prevent the possibility of mixtures of cominonty occiirring amino- 
acids being mistaken for hitherto unknown substances. 

Mixtures of ieiicine, ^soleucme and valine, of tyrosine and cystine, and of 
gtyeiiie and alanine have been found difficult to resolve. The methods described 
or indicated here provide solutions of these problems. 

The use of urea instead of potassium cyaiiate in conjunction with these 
methods of separation provides a cheap process for the preparation of certain 
amino-acids in the pure condition. The hydrolysis of the hydantoiiis, however 
yields only racemic amino -acids. " ’ 

Summary. 

1. The properties of the carbamide -acids and hydantoiiis correspondino- to 
various amino-acids present in protein hydimlysates have been studied with 
relereiice to methods of characterisation and isolation of these amino-acids. 

1. Methods of isolating leucine, ^^oleucine, valine, phenylalanine, tyrosine 
prolme, aiamne and glycine from protein hydrolj^sates have been described. 

In conclusion I wish to thank Dr W. Robson, Miss E. M. Hill and Miss 
A. bhore for gifts of various amino-acids. I have much pleasure in acknowledgin.o' 
the encouragement and advice which I have received from Dr Robson in 
carrying out this work. 
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The activity of an enzyme preparation is normally proportional to the amount 
of enzyme present. Quastel and Whetham [1924] showed that this propor- 
tionality existed in the case of the succinic dehjT-drogenase of Bact. coli. Although 
this was the only dehydrogenase studied, and although the dilution was made 
only over a small range, it has since been assumed that such proportionality 
holds for all the dehydrogenases, and hence, that over a wide range of reduction 
times the reciprocal of these times is a true measure of the amount of the enzyme 
under investigation. 

During a study of the effect of poisons on the deh^^drogenase systems of 
Bact. coli, it soon became evident that such assumptions were not entirely 
justifiable. The effect of dilution has, therefore, been investigated for three 
dehydrogenases of this bacterium. The results, recorded below, led to a detailed 
investigation of each of the several factors involved in the methylene blue 
technique of Thmiberg, as developed by Quastel for the study of the bacterial 
dehydrogenases. As usually followed, this consists in observing the time of 
reduction of a given quantity of methylene blue in vacuo in the presence of a 
suspension of washed bacteria by a given substrate at a definite temperature 
in the presence of a buffer solution. 

Expeeimental . 

A washed suspension of Bact. coli was used. The bacteria were grown in 
Roux bottles for 15-18 hours on a tryptic digest of caseinogen. They were 
centrifuged, washed twice by centrifuging in distilled water and finally made 
up in uniform suspension in distilled water. Such a preparation showed no 
appreciable differences in the properties of the dehydrogenases here investigated 
from one in which the bacteria were suspended in Ringer solution instead of 
distilled water. The enzymes studied were formic acid, succinic acid and glucose 
dehydrogenases. The normal procedure, which in several experiments has been 
modified as described later, was as follows. 1 cc. each of distilled water, phos- 
phate buffer pg 7-0 (if/20), methylene blue (1/5000), substrate solution and 
bacterial suspension were placed in a Thmiberg tube. The final volume was 
always 5 ce. The tube was evacuated for about 1-| minutes at the water-pump, 
then placed in a bath at 40°. This was taken as the beginning of the experiment 
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and the time taken for the methylene blue to become reduced by 80 «/ 
estimated by comparison with standards was taken as the reduction time Each 
experiment was done at least in dupUcate. The substrates were i¥/10 solutions 
^ sodium formate, sodium succinate and glucose. The bacterial suspension used 
was of different concentrations for the different enzymes, being strongest for 
the succmic and most dilute for the formic dehydrogen^e. Thus similar reductfon 
times were obtained for the three dehydrogenases. 

Effect of dilution, 

the between enzymic activity and dilution, then 

of dilution and the activity should be constant for all degrees 

ddution. The activity of the dehydrogenases may be taken as the reciprocal 

agl:/SrrSn T- - jotted 

uortTonalitv 11^]^ the limits of reduction time between which pro- 

poitionahty holds can be read off directly. In Fig. 1 the results for the tLe 



Fig. 1. Effect of dilution on the dehydrogenases. 

Formic dehydrogeoase, A. B. Succinic dehydrogenase, .. C. Glucose dehydrogenase, O. 

enzymes are so plotted. In order that the three curves might be plotted on 
the same figure, the maximum value of the product of aetiVity and difotion 
has been given an arbitrary value of 100 unitsf tiuuraon 

and^Son aglinst difotiom'^"^' obtained on plottuig the product of activity 

Tia+w . formic dehydrogenase exhibits strict proportionahty 

16^SuS MteTtr time lies hetJeen 20 and 

100 minutes, yter this, the activity begins to decrease rather more rapidly 

than IS warranted by the dilution. Succinic dehydrogenase shows this proper^ 
tionahty between reduction times of 20 and 50 mmutes. With both en^y^es 
when the reduction time is less than 20 minutes the activity is too iL i Hhe 
reduction time is too long, a result mainly due to the errors introduced by the 

rate untfi the materials attain the temperature of the batlff 

1 The presence of small quantities of residual air would have a similar effect. 
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Tlie results with glucose dehydrogenase are very striking. There is no range 
at all mthiii wiiicli there is anj?- proportionality between activity and dilution. 
When the reduction time is less than 10 minutes, a rise in the curve occurs as 
with the other. two enzymes. In this case, however, the rise does not continue 
until a reduction time of 20 minutes is reached and then remain constant, but 
a rapid fall in the curve occurs when the reduction time exceeds 10 minutes. 
The effect of factors responsible for the extreme lack of proportionality with 
glucose dehydrogenase would seem to exceed the temperature lag effect when 
the reduction time is more than 10 minutes. 

The lack of proportionality at the higher reduction times might be due to 
a gradual destruction of the enzymes at 40*^ or to a slow poisoning of the enzymes 
by methylene blue. The phosphate buffer and the substrate itself might also 
be influencing the reduction times. Ail these factors have, therefore, been in- 
vestigated for each of these three enzymes. 

Inactivation of the enzymes at It is well known that on keeping a sus- 
pension of Bact, coli for some time, even at 0°, there is a decrease in the activity 
of the enzymes. By far the most susceptible of the three here studied is the 
glucose dehydrogenase. .Quastel and Wooldridge [1927] showed that on keeping 
a suspension of Bact. coli for one hour at higher temperatures (47° and o7°) 
formic dehydrogenase ^ was unaffected, succinic affected appreciably at 57°, 
whilst the glucose dehydrogenase was appreciably affected at 47° and com- 
pletely inactivated at 57°. 

It therefore seemed likely that glucose dehydrogenase was being appreciably 
inactivated at the temperature of the bath (40°) and that this might in part 
account for the decreased activity noted when the concentration of the bacteria 
was such as to give a fairly long reduction time. 

Suspensions of the bacteria were kept at 40° for one hour and the activities 
compared with suspensions kept at 0° (Table I). It will he seen that this treat- 
ment causes no diminution in the activity of any of the enzymes. 


Table I. 

Reduction time in minutes 
after one hour at 


Detydrogenase 

0° 

40° 

Formic 

r7’75 

18-25 

Succinic 

22-5 

20-0 

Glucose 

10-75 

10-25 


Potso7iing by methylene blue. 1 cc. of methylene blue solution was placed 
in each of a number of Thunberg tubes and 1 cc. of bacterial suspension added. 
At varjflng intervals, 1 cc. each of buffer solution, substrate solution and water 
were added to these tubes, which were then evacuated and the reduction times 
taken. 

The results are given in Fig. 2 in which the original activity of the enzyme 
has been given a value of 100 units. Formic dehydrogenase is entirely unaffected 
by methylene blue in 5 hours. Succinic dehydrogenase is poisoned to the extent 
of 40 % after 2 or 3 hours. Glucose dehydrogenase is poisoned to the extent 
of 80 % ; at first the poisoning is rapid, then it becomes much slower. 

The poisoning action of methylene blue in these experiments took place at 
19-20°. An experiment with glucose dehydrogenase at 40° showed that the 
poisoning was much more rapid but the final activity of the poisoned enzyme 
was the same. Glucose dehydrogenase is also poisoned to the same extent in vacuo. 
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In these experiments, the poisoning action of methylene blue continues 
dunng the period of reduction. The times given on the abscissa in Fi^ 2 are 
the times from the addition of the methylene blue to the bacteria to the time 
when put in the bath with the other substances. These times are, therefore 
less than the actual time of action of the methylene blue. ’ 



Fig. 2. Poisoning of the dehydrogenases by methylene blue. 

A. Formic dehydrogenase at 19“, A. S. Succinic dehydrogenase at 19% 


O. Glucose dehydrogenase at 19°, 


JJ, Glucose dehydrogenase at 40°, 0. 


Since dilutira involves more prolonged action of the dye on the enzyme 
he poisomng effect of methylene blue seems at first glance to account for the 
observed discrepancies in the dilution experiments, since the enzyme most 
affected by dilution is the one most affected by methylene blue. Formic dehydro- 
genase which IS little influenced even by great dilution, is unaffected also by 
methjdene blue. The poisoning experiments might also account completely for 
the fallmg off in the activity of suecuue dehydrogenase when the redukion 
time is greater than oO minutes, since even at 19“ an appreciable amount of 
poisomng has t^en place in this time. In the ease of glucose dehydrogenase, 
lowever, even though the enzyme has been poisoned to the extent of 50 % in 
one hour at 40 this would hardly account for such a great fall in the activity 
as that observed when the reduction time is mcreased from 10 minutes to, say, 

probable, therefore, that there are other factors which cause 

tills pnenomenon in the case of glucose dehydrogenase 

Effect of phosphate buffer. The effect of leaving the bacteria in contact with 
“vestigated in a maimer exactly analogous to that 
described for methylene blue. The suspension of bacteria was left in contact 


Table II. 


Time of action of 


Debydrogenase 

pliosphate on bacteria 
minutes 

Reduction time 
minutes 

Formic 

0 

18-5 


15 

18-5 


35 

19*5 

Succinic 

0 

36*0 


120 

24-0 

Glucose 

0 

15-5 


40 

13>5 


60 

11-5 


120 

10-5 
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with the phosphate at room temperature, the other substances added after 
I varying intervals and the reduction time determined (Table II) . 

i Phosphate has very little effect on formic dehydrogenase; if anything, it 

1 results in a slight inhibition of the enzyme. The actions of both the succinic 

and glucose dehydrogenases are accelerated by leaving the bacteria in the 
1 presence of the phosphate for a time. Maximum acceleration, about 30 % , is 

obtained after about 2 hours at a temperature of about 20°. 

The activation of succinic and glucose deh^^^drogenases by phosphate is 
readily reversed by removal of the phosphate by centrifuging. The activities 
of the enzymes determined in the ordinary way are found to be the same as 
4 before treatment with phosphate (Table III). 

Table III. 


Reduction time in minutes 




After action of 




phosphate for 

After removal of 

Dehydrogenase 

Initially 

2 hours 

phosphate 

Succinic 

31-0 

21 

33 

Glucose 

11*25 

8 

12 


Effect of phosphate buffer on the poisoning by methylene blue. The bacterial 
suspension was left in contact with both phosphate buffer and methylene blue 
for an hour and the activities of the enzymes determined after the addition of 
the substrates. 

Table IV. 


Reduction time in minutes 



r 


After action of 



After action of 

methylene blue 



methylene bine 

and phosphate 

Dehydrogenase 

Initially 

for one hour 

for one hour 

Formic 

13*0 

13*25 

13*25 

Succinic 

17-5 

21*25 

21*0 

Glucose 

8*0 

15*5 

15*25 


I It will be evident from Table IV that the presence of phosphate has no 

I effect on the poisoning by methylene blue of any of the enzymes. That is, the 

I accelerating effect of phosphate is not observed in the presence of methylene blue . 

j Effect of using buffers other than phosphate. Although the effect of phosphates 

j is masked by the presence of methylene blue, it was thought that an acceleration 

I might occur in the ordinary procedure adopted in the methylene blue teclinique. 

In an attempt to avoid this possible effect of phosphate, two other buffers were 
tried. Sodium maleate buffer was prepared according to the description of 
Temple [1929]. iUtliough Temple describes it as a buffer only for the range 
Pu 5*2-6*8, it can readily be shown that even at jPjj 7-0, it still lias about 10 % 
of its maximum buffering power. It was accordingly prepared and used at 
7-0. The second buffer prepared was the diethyl barbiturate (veronal) buffer 
of Michaelis [1930]. 

These buffers were used in a concentration of Jf/20 and compared with 
phosphate buffer. The activities of the enzymes were determined in the ordinary 
way. In certain experiments, 1 cc. of phosphate solution was added as well as 
the 1 cc. of the other buffer. The results are recorded in Table V. 
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Table V. 

ce. of buffer used 


Delijdrogeiiase 

Formic 


Succinic 


Glucose 


Phosphate 

1 

1 

0 

1 

0 

1 

1 

0 

1 

0 

1 

1 

0 

1 

0 


Veronal 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 


Maleate 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 

0 

0 

0 

1 

1 


Reduction time 
in minutes 

18- 25 
18-0 
26-0 
23-0 
2o-0 

22- 5 

23- 0 
31-0 
27-0 

27- 25 

17-0 

30-0 

28- 5 

19- 0 

24- 0 


All three dehydrogenases are inhibited by veronal to the extent of 30-50 % . 
Glucose dehydrogenase is inhibited b^^ veronal to about the same extent in the 
presence or absence of phosphate; the other two enzjuneSj however, have the 
same activity in the presence of veronal and phosphate as in phosphate alone. 
Maleate buffer also inhibits all three enzymes, though not equally. Glucose 
dehydrogenase is much less inhibited if phosphate is present at the same time; 
formic dehydrogenase is only slightly less inhibited, whilst succinic dehydro- 
genase shows the same inhibition in the presence or absence of phosphate. 

Thus the three enzymes differ considerably in their behaviour towards the 
three buffers. The exact interpretation of these results is at present impossible, 
although it seems likely that in some cases phosphate plays an active part in 
the dehydrogenation. 

Ejfect of acting on substrate. The suspension of bacteria was left for a time 
in contact with one or other of the substrates. After a time, the other substances 
were added and the reduction time determined. 

{a) Formic dehydrogenase. The results with this enzyme were rather variable 
but in no case was there any significant alteration in the reduction time. 

(6) Succinic acid. Bacteria left in contact with succinate show an accelerated 
reduction rate. It is known that succinic acid gives rise by the action of coli 
[Woolf, 1929] to malic acid, which can act as a hydrogen donator [Quastel and 
Whetham, 1925]. This would explain the more rapid reduction of the methylene 
blue after the bacteria have acted for a time on the succinate. 

The acceleration due to succinate is slightly less than that due to phosphate. 
Phosphate and succinate together do not have an additive effect (Table VI). 


Table VI. 

Reduction time, initial 

Reduction time, after 30 mins, at 20° with succinate 

„ succinate and phosphate 

» ,, phosphate 


Minutes 

44 

28 

30 

31 


(c) Glucose dehydrogenase. With glucose, as with succinate, a markedly in- 
creased activity occurs after the bacteria have been in contact with the sub- 
strate for a short time before the addition of the methylene blue. In one ex- 
periment, the reduction time determined in the normal wav was 13 minutes. 


DEHYDROGENASES OF BACT. COM 


1855 



1 

\ 


Tlie reduction time after tlie bacteria liad acted on tlie glucose for 15 minutes 
at 20° was 9 minutes. An even greater acceleration occurs if the bacteria are 
allowed to act on the glucose in vacno. 

As with succinate, these results may be explained by the formation of a 
substance or substances which are able to act as additional donators of hydrogen. 
It is well known that the action of Bact. coli on glucose results in the formation 
of several substances, such as lactic, acetic, succinic and formic acids, ethyl 
alcohol, etc, [Harden, 1901; Grey and Young, 1921; Aubel, 1926], Of these, 
formic, succinic, lactic and acetic acids can act as hydrogen donators to methylene 
Hue ill the presence of washed suspensions of Bact, coli [Quastei and Wlietliam, 
1925]. Moreover, Cook and Haldane [1931] obtained a gradually increasing rate 
of ox 3 ?'geii uptake for Bact. coli in the presence of glucose, which they attributed 
to the formation of secondary metabolites such as those considered above. 

The following experiments are in accordance with the view that the accelera- 
tion is due to the production of substances from glucose wMcli can be activated 
by enzymes of the bacteria to donate hydrogen to metli 5 dene blue. 

Bxp. 1. A suspension of bacteria was left in contact with glucose at three 
different temperatures. It will be seen from Table VII that no acceleration 
occurred when the bacteria and glucose were left at 0°, slight acceleration when 
they were at 20°, and a greater acceleration when they were at 40°. 



Table VII. 

Minutes ' 


Ileduction time, initial 10*0 

lieduction time, after 15 mins, with glucose at 0° 10*25 

» » 20° 8*75 

,, 40° 6*75 


Exp, 2. The bacteria and glucose were left for 30 minutes at 20°, the mixture 
was then placed in boiling water for one minute; methylene blue was added 
and the tube evacuated. No reduction occurred after 6 hours. 

Exp. 3. A suspension of bacteria was allow'ed to act on glucose for 30 minutes 
at 20°. 1 cc. of V/1000 solution of silver sulphate was added Again, no re- 
duction was observed even after 6 hours. 

Exp. 4. It has been shown [Quastei and Wooldridge, 1927] that glucose 
dehydrogenase is completely inactivated by shaking the bacteria for 2 or 3 
minutes with toluene. Now the bacteria were allowed, to act on glucose for 
30 minutes at 20° and were then treated with toluene; it was found that a slow 
reduction of methylene blue occurs in these conditions. A control experiiiieiit, 
ill which the bacteria were treated with toluene before the addition of the 
glucose, showed no reduction of methylene blue whatever. 

From these experiments it is obvious that the action of Bact. coli on glucose 
results ill the forination of substances which are capable of being activated as 
hydrogen donators by enzynaes present in the bacteria. Exp. 4 shows that these 
enzymes are not identical with glucose dehydrogenase. 

The effect of glucose on the reduction of methylene blue b}?- Bact. coli was 
similar to its effect with spores of B. subtUis [Tarr, 1933]. The reduction time 
w^as less after the spores had been left with glucose for 30 minutes at 40°. 'This 
was attributed by Tarr to the gradual formation of glucose dehydrogenase in the 
spores. It seems much more likely that here too there is an accumulation of 
secondary hydrogen donators, as suggested above for Bact. coli. This is sup- 

Tliis concentration of silver suipliate has been shown to inhibit completely many deliydrO' 
genases, such as those of glucose, lactic acid and succinic acid. 
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ported hj tlie observations of the same author that spores treated with ethyl- 
urethane cannot reduce methylene blue in the presence of glucose, unless the}^ 
have been allowed to act on the glucose before the addition of the etliyliirethane. 
This is exsbctlj similar to the results of the treatment of Bact. coli with toluene 
described above. Moreover, B, suhtilis spores show a gradual^ increasino- rate 
of oxygen uptake with glucose [Tarr, 1933], which, like the results of Cook and 
Haldane [1931] for Bact, coli, can be best explained by the formation of break- 
down products of glucose. 

Co-enzyme of glucose dehydrogenase. 

It has been pointed out that the poisoning of glucose dehydrogenase by 
methylene blue is not sufficient to account for the very rapid falling^ofF in the 
activity of this enzyme on dilution. Moreover, the accelerating effects of the 
products of the action of the organism on glucose would be expected to result 
ill an increased rate of reduction of methylene blue when the reduction times are 
longer, and hence these effects would tend to compensate for the poisoning effect 
of the dye. It is, therefore, evident that the effect of dilution on glucose dSiydro- 
genase is due to some other factor or factors which have not yet been considered. 

It was thought possible that there existed in Bact. coli a co-enzyme for 
glucose dehydrogenase, which might be washed out of the bacteria on dilution 
and so become the limiting factor in the action of the enzyme. This hypothesis 
was tested by adding, together with untreated bacteria, 1 cc. of a suspension 
which had been heated to lOff' for 5 minutes to the usual reactants in a 
Thimberg tube. The reduction time of this was taken and compared with the 
reduction time of glucose dehydrogenase without the addition of heated bacteria. 
The^ results are given in Table VIII. There is a considerable acceleration by the 
addition of heated bacteria, which themselves have no activity. 

Table VIII. Effect of addition of heated bacteria on glucose dehydrogenase. 

Bacteria Reduction time 

Unlieated bacteria 33 minutes 

D nbeated. + beated bacteria 11*75 minutes 

Heated bacteria > 6 hours 

It was considered possible that the heating of the suspension might have 
resulted in the liberation of substances which could act as hydrogen donators 
and hence give an accelerated reduction of methylene blue. That this is not so 
is shown by the fact that a mixture of heated and unheated bacteria in the 
absence of glucose causes no reduction of methylene blue even after 3 hours. 

The effects of dilution on glucose dehydrogenase in the presence and absence 

Table IX. 


Without heated bacteria With heated bacteria 

, — A ^ A 


Concentration 

/ 

Reduction time 

Activity x 

r 

Reduction time 

Activity x 

of suspension 

minutes 

dilution 

minutes 

dilution 

1 

8 

100 

8 

100 

2/3 

11 

105 

12 

102 

1/2 

17 

98 

17 

100 

1/3 

83 

31 

22*5 

112 

1/5 

>360 

0 

35 

117 

1/8 

>360 

0 

72 

92 

1/12 

— 

— 

125 

80 

1/16 

— 

— 

240 

56 

1/24 


■ 

500 

(approx.) 

40 
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of heated bacteria is shown in Table IX. The same undiluted heated suspension 
was added in each experiment. 

The effect of the addition of heated bacteria is very marked in some dilutions. 
When the bacteria were diluted to 1/5 of their original concentration, the re- 
duction time was too long to be measured; when the heated suspension was 
present, however, the reduction time was 35 minutes. It will be seen that when 
the concentration of bacteria is sufficient to give a reduction time of 17 minutes 
or less, the addition of the heated suspension is without effect. In other words, 
in these concentrations, there is sufficient co-enzyme present to give the 
maximum activity. 

f reduction time is greater than 35 minutes there is a rather rapid 

lallmg off in activity even in the presence of heated bacteria. This effect might 

well be due to tlie gradual poisoning of tlie enzyme by methylene blue, which 
was noticed above. 

It is evident, therefore, that there is present in Boot, coli a thermostable 
substance capable of acting as co-enzyme to glucose dehydrogenase. The pro- 

perties of this co-eiiz3?-me. are now being investigated. 

Discussion. 

The methylene blue technique as used for the study of bacterial dehvdi-o- 
genases has been shown to be limited in its applicability. Unless the reduction 
time is taken between certain limits, which vary for the various dehydrogenases 
toe activity measured is not a true representation of the strength of the enzyme’ 
.5 example, mth succinic and formic dehydrogenases, when the reduction time 
IS less than ^0 minutes, there is an error due to the time taken for the tem- 
perature of the reactants to reach that of the bath. The activity is thus too low. 

1 Jus error necessitates a correction to many of the results quoted in theliteratme. 
=;ri/ Ki reduction time for proportionality to hold varies con- 

sideiably for the different enzymes. Formic dehj^drogenase sho^vs a constant 
activity X dilution up to very long reduction times. Only when the reduction 
exceeds 2 hours is there a falling off in the activity, and this is very slight 
ihese resffits are m accordance with the stabffity of this enzyme to methylene 
blue and temperature, and the absence of effect of the phosphate buffer, 
aft succinic dehydrogenase, which shows a decreasing activity 

aitei oO mmutes, have been explained by the poisoning effect of methylene blue. 

ii organisms on the succinate itself 

IS not sufficient to compensate for this poisonuig by the dye. 

dekydrogenase, although poisoned to a greater extent than succinic 

betwPcn^pTr^f^^v^^ ^ striking lack of proportionality 

VW ^'^d dilution. It was found that there is present a thermostable 
V which is probably washed out on dilution. On the 

wnniH « ! keated suspension of bacteria, the effect of dilution is what one 

withtucXv f poisomng of the enzyme by methylene blue. Here, as 

wp5b« tol It seem that the poisomng by the dye out- 

45 IS the acceleration due to the decomposition of glucose. 

SUMMABY. 

dilution on activity has been studied for three enzymes of 

actiffitvl!?H-w“'®’ and glucose dehydrogenases. The product of the 

limits for the^w constant, is found to be so within certain 
ts lor the first two of these but not at all for the glucose enzyme. 
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2» Tlie various factors involved in the methylene blue technique have each 
been considered ui an attempt to explain these discrepancies » 

3. None of the enzymes is affected by being kept at 40° for one hour„ 

4. Formic dehydrogenase is unaffected b}^ being kept for 5 hours with 
nieth^deiie blue or one hour with phosphate buffer. 

5. Succhiic dehydrogenase is slowly poisoned to a maximum of 40 % by 
methylene blue. Its action is accelerated when it is kept in presence of phos- 
phate buffer or with siicchiate. 

6. Glucose dehydrogenase is poisoned to 80 % by methylene blue. Its 
action is accelerated when it is kept with phosphate buffer or with glucose. 

7. It is shown by treatment with toluene, silver etc,, that the accelerating 
effect on glucose dehydrogenase produced when the bacteria are kept in contact 
with glucose is diie to the production of substances from the glucose which are 
activated by the bacteria as hydrogen donators. 

8. A thermostable co-enz3nne of glucose dehydrogenase has been demon- 
strated in Baci, coli. 

9. The effects of dilution on the three enzymes can be explained by the 
properties of the enzymes studied in this paper. 

10. The limitations of the methylene blue technique are discussed. 

The author wishes to acknowiedge the encouragement and advice received 
from Prof. E. K. Rideal during the course of this work. 
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In* an earlier cominmiication [Buston and Pramanik, 1931, 1] it was shown 
tliat tlie ‘'^accessory factor ’’ found by Parries and Bell [1930] to be necessary 
for the growth of Nematospora gossypii, the fungus responsible for the ''internal 
boll disease’’ of cotton, in synthetic media consisted of at least two distinct 
constituents, one of which was found to be 'i-inositol. The discovery of the 
necessity for the presence of this compound found a parallel in the observation 
of Eastcott [1928] concerning "bios” [see also Buston and Pramanik, 1931, 2]. 
The chemical nature of the second constituent forming the accessory factor 
was not determined by Buston and Pramanik, who recorded only that it ap- 
peared to be precipitable by Neuberg and Kerb’s mercuric acetate reagent and 
might therefore "be associated with the mono-ammo-acids.” 

Since the publication of this earlier work, further attempts have been made, 
to characterise the second factor. Much more active concentrates thereof have 
been prepared, and although there is as 3 ^et no indication that the substance 
concerned has been obtained in a state approaching purity, it is thought that 
the results so far obtained may be of interest. 

One difficulty has been met with repeatedl}^- ; with the very active concen- 
trates, almost any treatment seemed to result in partial destruction of activity, 
or at any rate in the introduction of some substance giving rise to a ‘^staling” 
type of growth in the cultures. Even the most extreme care in the use of 
purified reagents etc. has not always succeeded in overcomhig this difficulty. 
Despite this, it has been possible, from a consideration of the reactions given 
by the active concentrates, to draw some tentative conclusions as to the possible 
chemical nature of the second factor, although these must be accepted with 
reserve in view of the admitted impurity of the preparations. 

Experimental. ^ 

General teclinigue. 

The ^experimental method adopted was that described by Buston and 
Pramanik the same strain of the organism was used, and the methods of culture 
were identical. The standard basal medium was of the following composition : 
glucose, 2 %; K 2 HPO 4 , 0*5 %; MgS 04 , IHgO, 0-25 %; nitrogen, supplied from 
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a standard gelatin hydrolysate, 0*3 % ; agar, 2 %. To this was added, where 
necessary, %-iiiositol (B.D.H. or Kahlbanm), 0*02 % ; and the appropriate amount 
of concentrate of the second factor. 

’Using their “critical dose’’ technique, Biiston and Bramaiiik showed that 
such a dose of concentrate {i.e. the amount of concentrate beyond which further 
addition did not result in a proportionate further increase of growth) gave a 
growth of 270-290 mg. of mycelium (dry weight from two plates). In general, 
therefore,' in fixing the amount of any concentrate of the second factor required, 
the “unit dose” was taken as the amount of concentrate, immediately after 
removal of inositol, necessary to give a growth of 270 mg., the corresponding 
amounts of the more active concentrates being calculated from the dry- weight 
^fields of the various fractions, due allowance being made for losses at different 
stages. 

Source of the second accessory factor. 

The original experiments of Barries and Bell showed that the accessory 
factor (not then recognised as a mixture) was present in a number of “crude” 
proteins, and absent from others. The discovery of the dual nature of the 
accessory factor made it necessary to examine again the latter group of proteins, 
since it was evidently possible that lack of activity in these was due to lack of 
inositol only. Further, it was thought that, should any protein be found rich 
in the second factor, it might serve better as a starting material for its isolation 
than an indefinite and complex mixture such as the lentil extract of Buston 
and Praniaiiik. 

With this in view, media were prepared in wdiich the nitrogen (0-3 % N 
in the medium) was supplied solely in the form of hydrolysates of different 
proteins; adequate amounts of inositol were added to the media, since this 
substance was only present as an impurity in some of the crude proteins. The 
results of these tests are shown in. Table I. In the case of ever}?" protein except 

Table I. 


Protein 

Growth, of myceliuni 
(mg. dry weight) 

Gliadin 

76 

Legumin 

104 

Edestin 

20 

Excelsin 

65 

Zein 

124 

Oat glutelin 

145 

Caseinogen 

20 

Ovalbumin 

20 

Fibrin 

45 

Gelatin 

0 


gelatin there was evidence of the presence of the second accessory factor, 
although often in very small concentrations only ; even fibrin and edestiii, 
stated by Barries and Beil to be completely inactive, contained small amounts 
of the substance. On the whole, the proteins prepared from seeds apparently 
contained the greatest amounts of the accessory factor, zein being one of the 
richest as well as the most easily obtainable. Further samples of zein were 
prepared, by slightly different methods, and their activities tested ; it was found 
that there was no connection between the activity of a sample of zein and its 
purity, as measured by nitrogen content (Table II). Further, experiments 
showed that the most active sample of zein obtained showed, weight for weight, 
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oiiiy two-fifths of the actmty of the crude lentil coiicentratej so that in spite of 
objections it seemed best to continue the use of lentils as the source of the 
accessory factor. 

Table II. 


Zein, precipitated from 
dilute alcohol by 

Water 

Acetone 


Nitrogen in zein 


16*1 

13-8 


Growth of mycelium 
mg. dry weight 

93 

365 


Fractionation of the lentil G 07 iccntrate by chemical methods. 

{a) Removal of inositol. So little evidence was available as to the chemical 
nature of the second accessory factor that it was hardly possible to devise a 
logical method of fractionation based upon such evidence. It became necessar}^ 
therefore to work on somewhat empirical lines, using methods which have found 
wide application in allied fields of research. 

In the first place, some 70 g. of lentil concentrate were prepared, following 
the method of Biiston and Pramanik; from this, the inositol was removed by 
precipitation wfitli barium hydroxide and alcohol at 0°. Whereas Buston and 
Pramanik found that one such precipitation sufficed to separate the inositol 
completely from the second factor, in this case it was found that no sharp 
separation was obtained at the first precipitation, both the precipitate (inositol) 
and filtrate fractions needing to be re-fractionated. Even so, a certain amount 
of the second factor found its way into the inositol fraction, wdiicii thus retained 
some of its activity when tested alone. On the other hand, the filtrate at this 
stage was free from inositol, and was quite inactive alone, its activity being 
restored on the addition of pure inositol. A possible reason for the failure to 
separate the two factors sliarjjty is put forward below (p. 1866). The distribution 
of activity between the fractions is shown by the results of the plating tests, 
given in Table III. 

Table III. 


Growth of mycelium, per unit dose 
(mg. dr}^ weight) 


Precipitated 

fraction 


First fractionation 
Filtrate refractioiiated 


312 

185 


Filtrate 

fraction 

245 

0 


Filtrate plus 
inositol 


332 

224 



I . 


Prom 50 g. of crude lentil concentrate, 6-3 g. of solid remained in the filtrate 
fraction after the second precipitation and was inactive in the absence of inositol. 

A series of platings using a range of doses of this concentrate showed that the 
standard growth of 270 mg. was produced in the presence of 25 mg. dry matter 
per 100 cc. medium (together with 20 mg. inositol). 

(b) Precipitation with mercuric acetate and with phosphotungstic acid. Buston ' ^ f 

and Pramanik had reported that the second accessory factor was completely , V 

precipitabie by the mercuric acetate-sodium carbonate reagent of Neuberg and 
Xerb. Accordingly the inositol-free fraction of the concentrate was treated with 

mercuric acetate in the presence of barium hydroxide, this latter substance '■ ' ’ 

being used in preference to sodium carbonate in view of the objections to the 

presence of large amounts of sodium in the concentrates. A 1 % solution of 

the concentrate was used, and 30 % of the dry matter passed into the mercuric 

acetate precipitate fraction; the whole of the activity appeared in this fraction. 
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Platings -witii a portion of this fraction (after removal of mercury etc.) corre^ 
spoiidiiig to 20 mg. of the inositol-free filtrate {i.e. 7 mg. of the ppt. fraction at 
this stage) per 100 cc. medium gave a growth of 269 mg. dry mycelium. 

The possibility has been pointed out above, that the second factor might be 
of the nature of an amino-acid; accordingly, determinations of nitrogen were 
made on the various fractions of the concentrate. The mercuric acetate preci- 
pitate fraction was found to contain 18-1 % N on dry matter, a figure so high 
as to suggest that basic substances might be present. Accordingly the pre- 
cipitation of the substance with phosphotungstic acid was studied. A series of 
precipitations was performed, the concentration of the mercuric acetate pre- 
cipitate fraction and of the phosphotungstic acid being varied. In all cases 
precipitation was carried out in 5 % sulphuric acid solution, and a sufficient 
excess of the reagent was used. The results of growth tests carried out in the 
usual manner on the several fractions are given in Table IV. From these results, 

Table IV. 



PhospliotuBgstic acid reagent 

^ ^ — 

25 % solution 10 % solution 


kJU'.LUUJLU'iX 

of con- 
centrate 

W 

/o 

10 

4 

1 

f 

Dry matter 


\ 

Growth 


r 

Dry matter 

A 


Growth. 


ppt. 

2010 

375 

377 

filtr. 

600 

350 

325 

ppt. 

251 

168 

163 

filtr. 

Trace 

177 

157 

p.+f. 

286 

228 

300 

ppt. 

1355 

425 

625 

filtr. 

940 

500 

525 

ppt. 

218 

169 

155 

filtr. 

Trace 

160 

152 

p.+f. 

277 

270 

286 


(Growth figures — ^mg. dry mycelium.) 


it appeared that no sharp separation could be obtained by the use of phosplio- 
tungstic acid, although, as shown by the growths given by the recombined 
fractions, there was little loss of activity. Maximum precipitation, both of active 
substance and of total dry matter, took place in the stronger solutions both of 
concentrate and reagent; in the weaker solutions, how^ever, precipitation of 
total substance and of active material were not always parallel. It seemed 
therefore that true precipitation, and not a mere adsorption, was concerned. 
It was concluded that the best method of treating the concentrates, after re- 
moval of inositol, would be to precipitate first with the Neuberg-Kerb reagent 
and then from a solution containing 1 % dry matter with 10 % phosphotungstic 
acid reagent. By this means, the greater part of the active substance passed into 
the phosphotungstic acid precipitate, although some 25 % escaped precipitation. 

From an original lentil concentrate giving a growth of 275 mg. dry matter 
ill doses of 200 mg. per 100 cc. medium, it was possible to prepare from this 
phosphotungstic acid precipitate concentrates of the second accessory factor, 
4 mg. of which, in the presence of 20 mg. of inositol per 100 cc. medium, gave 
the same growth. The material recovered from the pliospliotungstic filtrates, 
though showing less activity per unit weight, still accounted for 25 to 30 % 
of the original active substance. The total recovery of factor II at this stage 
amounted to roughly 70 %, most of the remainder being lost with the inositol 
fraction. 

About 300 g. of lentil concentrate were treated according to the above 
scheme in batches of 100 g. giving some 4 g. of the phosphotungstic precipitate 
fraction and 5g. of the filtrate fraction. (In the following pages, it is to be 
understood that “phosphotungstic precipitate” and “phosphotungstic filtrate” 
refer to the fractions at this stage.) 
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(c) Other chemical methods. The further concentration of the active substance i 

proved a matter of considerable difficulty. Attempts were made to prepare and ' , 

fractionate ciystalline picrates, but, although picrates of varying solubility were ' ' ^ ; 

readily obtained, a considerable loss of activity was always found ; this was not 

due, however, to the introduction of toxic substances into the fractions. Evi- • ' 

dence was obtained that this inactivation was due to the mild oxidising action ! 

^ of the picric acid. In view of the reported stability of the substance towards ' • . ' ■ 

I seemed remarkable; however, the earlier experiments con- j 

ceriiing oxidation were all made on the crude concentrates, and an apparent 
loss of stability with purer materials is not unknown in allied fields of research. 

. In another series of experiments, fractionation by means of copper salts ' i 

was attempted [cf. Town, 1928]. From a small portion of the concentrate : , 

containing 250 unit doses of the second factor, the copper salts were prepared, 
and the following fractions separated: (i) insoluble in cold water, (ii) soluble 
in water, insoluble in methyl alcohol, (iii) soluble in water and in methyl alcohol, 
insoluble in absolute alcohol, (iv) soluble in absolute alcohol. In the growth 
tests on the fractions, after removal of Gu, fractions (i), (ii) and (iv) were found 
to be entirely inactive; fraction (i) was slightly toxic, possibly owing to the 
j presence of traces of copper, but fractions (ii) and (iv) were free from toxicity. 1 j 

On the other hand, fraction (iii) was found to possess activity, but only to the 
extent of one-third that of the original concentrate fractionated. Thus there had 
evidently been a considerable loss of activity during the process, possibly owing 
to adsorption of the active substance on the copper sulphide preeipitides. It 

may be recalled that Bustoii and Framanik w^ere unable to recover completely i 

the activity of a concentrate which had been in contact with copper sulphide. 


Fractionation of the lentil concentrate by physical methods, 

(а) Fractional electrolysis . In view of the above recorded failures of chemical 

methods of fractionation, resort was had to methods of more physical nature. ' 

111 the first place experiments were made using the method of fractional electro- 
lysis, and evidence was obtained that the active substance tended to migrate 
towaids the anode, while the greater part of the solids present moved tow^ards 
the cathode. There was however a very considerable destruction of activity in 
tlie^ series of cells, and the method did not oft’er any prospect of giving more 
active concentrates. 

(б) Fractionation by solvents. In a series of recent communications Block 
and CowgiU [1932] have studied the possibility of extracting vitamins of the 
B group from crude preparations by means of organic solvents and have 
claimed that they have obtained very considerable concentration under certain 
conditions. From the basic properties of the substances with which they were 
dealing Block and Cowgill argued that these substances should be soluble in 
organic solvents as bases and insoluble as salts. 

Since in the ease of the Nematospora factor it was impossible to state whether 
it w^as of acidic or basic nature, extractions with ether w^ere carried out wdth '' 

both acid and alkaline solutions of the substance, solutions of the crude con- ’ ! j 

centrate, without previous removal of the inositol, being used in the first place. 

All apparatus similar to that described by Wilson [1932] was employed; the ^ 

ether used was previously purified carefufiy to remove traces of peroxides [see 

Garbariiii, 1909]. The extracts and residues were in all cases freed from ether, 

acid etc., and growth tests were made, such amounts of each fraction being used 

as would correspond to 0-2 g. of the lentil concentrate, on a basal medium con- 
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tainiiig 20 mg./lOO cc. of inositol, i.e. an adequate amount of inositol, irrespective 
of the amount present in the individual extracts. The results (Table V) showed 
that no extraction had taken place from the allvaliiie medium, indicating that it 
was unlikely that the substance w^as of basic nature. On the other hand, a certain 
amount of activity was removed by ether extraction from acid solution, although 
even here the greater part remained unextracted, and more prolonged treatment 
did not increase the proportion extracted. 

Table V 


Fraction 

Ether extract: 1 unit 
2 units 

Water phase: 1 unit 
2 units 

Toxicity test on ether extract 

111 other experiments, ether was replaced by butyl or am 3 d alcohol, the 
extractions being carried out in a faintty acid medium, using a continuous 
extraction apparatus modelled on that of Dakin [1920] ; the extractions were 
iisuall^r carried out at reduced pressure, the temperature of the liquid being kept 
below 80°. Experiments with the crude concentrates again showed partial extrac- 
tion of the active substance from acid solution, but further experiments using 
the more active concentrates obtained from the precipitate and filtrate fractions 
after the pliosphotungstic acid treatment (p. 1862) showed that the active sub- 
stance in these two fractions behaved some'what different!}^ towards the solvent. 

(i) A 250 ce. portion of the filtrate fraction, containing 280 unit doses, was 
extracted in all for 18 hours with butyl alcohol (this solvent being preferred to 
am^d alcohol on account of its lower b.p.). On testing, it was found that the 
aqueous phase was completely inactive, showing that the active factor had 
passed completely mto the butyl alcohol. The biitjd alcohol itself, however, 
seemed to contain traces of some substance which checked the normal growth 
of the fungus, causing growth of the staling’^ type, and a similar type of 
growth was observed even when the extract and residue were recombined. The 
mj^celiiim, after growing normall}^ at fii’st, later gave irregular and sparse 
growth, so that the dry weights of. mycelium obtained showed a distinct falling 
off of activity^. The results of typical growth tests are given in Table VI. 

Table VI, 

Fraction 

Aqueous phase after 12 hours 

Alcoholic extract: 1 unit 
2 units 

Recombined 

(S indicates staling growth.) 

^ Rot all the samples of butyl alcohol used seemed to contain the substance producing 
“staling,” for in at least one set of extractions normal growth was obtained (see Table VII, 
col. 3). It is understood that butyl alcohol is produced by a fermentation process and may 
contain traces of ^-hydroxy butyric acid; this acid has been shown [Fuller, 1933] to possess 
bactericidal properties; it seems therefore not impossible that it may also affect the growth of 
other micro-organisms. 


Grow^th of mycelium 
(mg. diy weight) 

Nil 

146 (S) 

242 
124 (S) 


Growth of mycelium 
- (mg. dry weight) 


Alkaline 

extraction 

Nil 

Nil 

300 

323 

293 


Acid 

extraction 

41 

91 

223 
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(ii) A portion of the concentrate from the phosphotungstic acid precipitate 
fraction was similarly extracted with butyl alcohol. After 18 hours’ extraction, 
a growth test with 1 unit dose of the aqueous phase still gave 287 mg. (dry 
iveiglit) of myceliiiin — roiighty 85 % of the full growth, showing that but little 
of the activity had passed into the alcoholic solution. A further portion of the 
same concentrate was hydrolysed for 3 hours with 1 % sulphuric acid prior to 
extraction, and in this case the whole of the active substance passed rapidly 
into the alcoholic extract, the aqueous phase after 12 hours possessing no 
activity wdiatever. A further test was made on the filtrate fraction, after 
hydrolysing this in the same manner, but the treatment had no effect on the 


Table VII. 


Growth of mycelium (mg, dry weight) 


Precipitate hydrolysed 

Filtrate a 

Fraction hydrolysed 1 2 

Aqueous phase after 6 hours 140 — — 

Aqueous phase after 12 hours Kil Nil Nil 

Alcoholic extract : 1 unit 253 204 (S) 280 

2 units 255 — — 

Recombined 244 — 

(S indicates staling growth.) 

subsequent extraction (Table VII). The only explanation of the difference in 
behaviour of the active substance present in the pliospliotungstic filtrate and 
precipitate fractions respective^ seems to be that, in the latter, it forms part 

Original lentil extract 


Precipitation with barium 
hydroxide and alcohol 


Precipitate: 
(Inositol, plus 
some factor II) 


Filtrate: 
(Factor II, free 
from inositol) 
(25 mg.) 


Precipitation mercuric 
acetate and alkali 


Precipitate 
(7 mg.) 


Filtrate : 
(mactive) 


Precipitation with 10 % 
phosphotungstic acid from 
1 % solution 


Precipitate 
(4 mg.) 


Filtrate 


Hydrolysis and extrac- 
tion with butyl alcohol 


Extraction with butyl alcoho 
without previous hydi'olysis 


Aqueous phase 
(inactive) 


Aqueous phase 
(inactive) 
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of some more complex molecule, being probably combiiied with a basic sub- 
stance, wliereb}^ it is rendered, precipitable, whereas in the former it is present 
in an uiicoiiibined form, without basic properties. In either form, however, the 
substance is capable of exercising its growth-promoting function. 

With regard to the activity of the extracts obtained after hydrolysis, that 
from the filtrate gave a growth of 255 nig. when supphed in a dose of 1*8 mg. 
per 100 cc. medium; for the precipitate fraction the dose was 1*2 mg. per 100 cc. 
Possiblj^ the somewhat lower activity of the filtrate fraction was due to the 
presence therein of certain inactive substances, not present in the precipitate 
fraction, which were capable of extraction with butyl alcohol. 

Further concentration of the active factor has not at the moment proceeded 
beyond this stage, except that some preliminary tests have shown that, from 
the precipitate fraction after liydrotysis, the whole of the bases are precipitated 
by phosphotungstic acid at pjj 2, and are quite inactive. 

The steps in the concentration of the lentil extract are summarised in the 
accompanying diagram (see p. 1865); the figures quoted under each fraction 
represent the amount necessar}^, in 100 cc, of the medium, to produce the 
standard growth (270 mg.). 

Reactions given by the active concentrates. 

The observation that after hydrolysis the active factor was no longer pre- 
cipitable by phosphotungstic acid, as well as the fact that in the iincombined 
form it escaped precipitation with this reagent in the first place (thus giving 
rise to the unexplained loss of 25-30 % of the activity in the phosphotungstic 
acid filtrate fraction) made it clear that the substance concerned was not a base. 
The most active concentrates still contained approximately 5 % N, on dry 
matter; the product obtained by butyl alcohol extraction of the filtrate fraction 
was richer in nitrogen (14*8 % N), although somewhat less active. Although 
this figure showed a considerable fall from the 18 % N recorded for the original 
phosphotungstic precipitate fraction, the possibihty that activity was due to 
some nitrogenous substance was not excluded. In the combined form there 
seemed no doubt that the molecule contained a basic nitrogenous unit. The tests 
with the crude lentil concentrate (Table V) seemed to show that in the combined 
form the substance was insoluble in ether. 

Some evidence seems to exist that the active substance is of acidic nature. 
Its extraction from acid solution only by ether ; its behaviour under the influence 
of the electric current; its apparent ability to form copper salts and its non- 
precipitability in the free state by phosphotungstic acid point in this direction. 
It may be also that the persistent appearance of a portion of factor II in the 
inositol fraction was due to the formation of a barium salt by a part of the 
substance which was present in the lentil extract in the free state. 

The most active concentrates were found to give a strong Molisch reaction, 
so that carbohydrates were still present. Pentoses were detected in the concen- 
trates immediate^ before the butyl alcohol extraction, but the orciiiol reaction 
was not given by the final concentrates. On the other hand, these concen- 
trates gave a distinct naphthoresorcinol test for iironic acid, the test being 
indefinite in the case of the less active concentrates. It is interesting to recall 
that in the original paper of Farries and Beil [1930] it was suggested that the 
accessory factor was of the nature of a sugar acid ; one class of sugar acids — ^the 
uronic acids seem to be possessed of certain peculiar properties giving them a 
special influence on the course of metabolism. The stability of the substance 
here described towards heat and strong acids seems to preclude any possibility 
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of its being of the nature of a uronic acid, although the presence of a substance 
giving the naphthoresorcinol test is interesting. In any event, there is no 
suggestion that a state of purity has been approached; if it is possible to make 
any comparisons on the basis of the activity of the purest vitamin B prepara- 
tions, at least 90 % of even the most active concentrate must be impurity, and 
there is no justification in attempting to assign the active factor to any chemical 
class. 

Inorganic constituents of the concentrates. 

Although Farries and Bell had already shown that the ash of their active 
''Agg extract'’ was inactive in promoting growth of N. gossypu^ the recent 
observations of Richards [1932] on the ability of certain metals, partioiilarty 
thallium, to act as growth stimulants for yeasts, made it desirable to re-examine 
the question of the possibility of inorganic constituents of the lentil extracts acting 
as growth -promoting substances. Samples of the concentrate were examined 
spectrograpliically by Mr Hugh Ramage, to whom the authors’ thanks are 
due. Apart from K, Ha, Ca and Mg, the only element present in more than 
infinitesimal amount in the concentrate was nickel, which was present to an 
amount estimated at between 0*002 and 0*003 % of the crude concentrate. 
A series of platings was therefore made in order to discover whether nickel, 
ill amounts of the order found in the concentrates, had any effect on the growth 
of the organism, but the results were entirely negative. 


Tests with isomeric inositols. 


In order to ascertain whether any of the naturally occurring isomerides of 
^‘-inositol, or related substances, could replace this body in the media, certain 
of these substances were prepared and their activity tested, in conjunction with 
factor II. Those used were; quereitoi; quebrachitol; Z-inositoI, from quebrachitol ; 
sennitol; d-inositol, from sennitol. In no case was any activity found. 


''■I 


m 


j SUMMAUY. 

j 1. The second factor necessary for the growth of Nematospora gossypii 

I occurs in lentils in combination with an inactive nitrogenous base. It is readily 

j liberated by gentle hydrolysis and exerts its growth-promoting influence both 

j in the free and combined forms. 

2. The second factor is also found associated with proteins, especially those 
of seeds, but probably does not form part of the protein molecule. 

3. The active substance is precipitable by Heuberg and Kerb’s mercuric 
acetate reagent, but (in the free form) not by phosphotiingstic acid. In the 
combined form, the presence of a basic unit renders it precipitable by the latter 
reagent. 

^ 4. In the free form, the substance is extracted from acid solutions with 

organic solvents and seems to possess certain wealdy acidic properties. 

5. The most active concentrates prepared promote full growth when present 
to the extent of 1*2 mg. per 100 cc. medium, as compared with a dose of 200 mg. 

^ of the original lentil extract. Some reactions given by the concentrates are 

j recorded and their possible significance is discussed. 


We wish to record our indebtedness to Prof. W. Brown for facilities offered 
in the Bepartment of Plant Pathology, 
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HETEROTROPHIC BACTERIA. 

By HUGH LEWIS AUBREY TARRL 
From the Biochemical Laboratory, Cambridge, 

[Received November 1st, 193S.) 

Hoye of tlie immeroiis investigators who have studied the formation of hydrogen 
sulphide by bacteria has thoroughly analysed the relation between the organic 
siilphur-coiitaining substrate employed and the formation of this compound. 

Eiirtherniore, the failure to eliminate bacterial multiplication may have obscured 
to some extent the simple formation of hydrogen sulphide. 

Sasaki and Otsiika [1912] found that most of a large number of bacteria 
studied by them formed hydrogen sulphide when cultivated in FraiilceFs arti- 
ficial medium to which either cystine or sulphur had been added. Certain of 
the strains investigated formed this gas from thiosulphate, only a few formed 

it from sulphite, and none produced it from taurine or from sulphate. Burger ! ^ 

[1914] found that the bacteria which he studied formed hydrogen sulphide from 
cystine but not from taurine. Tanner [1917], employing ErankeFs medium, 
studied a very large number of cultures and found that most of these formed 
hydrogen sulphide from peptone and from cystine, some from thiosulphate and 
thiourea, and that none of the strains formed this gas from 2-thiohydantoin, 
sulphite or sulphate. Almy and James [1926] showed that, when P, vulgaris 
was grown iii^a peptone solution contahiing added cystine, all the sulphur of 
this amino-acid could be recovered as hydrogen sulphide. Hydrogen sulphide 
was formed in cultures of this organism under both anaerobic and aerobic con- 
ditions. Tarr [1933] showed that washed ceils of P. vulgaris decomposed cystine 
completely under anaerobic conditions, with the formation of two molecules 
each of hydrogen sulphide, ammonia, acetic and formic acids. 

In the present investigation it has been shown that the process of hydrogen 
sulphide formation by washed cells of certaui heterotrophic bacteria is enzymic 
in nature, a relatively high degree of specificity existing between the structure 
of the organic molecule attacked and the production of hydi*ogen sulphide. 

A study of certain weU-known bacterial species has been made in order to deter- 
mine the distribution of the enzyme concerned; and one factor which stimulates 

its formation in the bacterial cell has been found. ' 

Expeeimentau. 

. I 

Many of the substances used, viz, glutathione (oxidised and reduced forms), 
cystine, cysteine hydrochloride, glycylcysteine, W-acetylcysteine, A-acetyl- 
cysteine, methyl and propyl esters, /S^-ethylcysteine, /S-benzylcysteine, methionine, 

^ 1851 ExMbition Overseas Scholar and External Eesearch Student, Emmanuel Colleo-e > ' 'I 

Cambridge. ^ ^ 
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glycylcysteine diketopiperazine, ergothioneine liydrocliloride, 2-tMo-4-metiiyl 
hydantoiii and phthalimido- ethyl mereaptide were obtained tiirough the kind- 
ness of Dr Pirie of this Department. All these compounds gave analytical 
figures ill close agreement with those required by theory. 

The sulphur compounds employed were dissolved in water to yield a con- 
centration of 1 mg. or less per ec. The relatively insoluble compounds were 
dissolved in hot water. Where necessary the p-^ of the solution was adjusted 
by titration to approximately 7*0 and the fluid sterilised by Seitz filtration. 
Cystine was dissolved in A/100 NaOH and the solution neutralised with sterile 
HCl after Seitz filtration. The sulphur used was autoclaved directly in the 
Thunberg tube employed. 

Suspensions of P. vulgaris ceils were prepared as described by Tarr [ 1933 ], 
with the exception that sterile Ringer solution was employed instead of sulphate 
solution. Serratia marcescens was cultivated for 36 hours at 28° on caseinogen 
digest agar, in other respects the technique employed in preparing cell sus- 
pensions of this organism was identical with that used in the case of P. vulgaris. 
Bacterial suspensions prepared in the above manner were stored asepticaliy at 
about 1° and were used within 5 days of preparation. 

The following method was used in determining the formation of HgS. 75 cc. 
Thunberg vacuum tubes, the necks of which were plugged with cotton-wool, 
were sterilised by autoclaving, the glass stoppers being wrapped and sterilised 
separately. 2 cc. of sterile M/o phosphate buffer pjj 7-8, 5 cc. of bacterial 
suspension, and, except in control experiments, the required amount of sub- 
strate solution, were placed in each tube with aseptic precautions. The volume 
of liquid in each tube was made up to 20 cc. with sterile distilled water, the 
stopper, covered with sterile rubber grease, inserted and the tube evacuated. 
The evacuated tubes were incubated for 24 hours at 37° in experiments with 
P . vulgaris and at 28° in experiments with 8. maTC6SC6us, All experiments were 
run in duplicate. At the conclusion of the incubation period the experimental 
fluid was acidified with 5 cc. of 5 % by volume H2SO4 and the HqS aerated into 
15 cc. of 2 % zinc acetate, suitable precautions being taken to avoid loss of the 
gas. The zinc acetate solution was employed for the colorimetric estimation of 
H2S by the method of Almy [1925], care being taken to dissolve all traces of zinc 
sulphide in the acid dimethyl-p-phenylenediamine reagent. 

In Table I the production of HgS by P. vulgaris and 8. marcescens cells from 
a large number of organic sulphur compounds is given. The results obtained 
permit the following conclusions to be drawn. 

(1) Compounds containing the oc-amino-/3-thiolcarboxylic acid structure 
(cysteine), or its — S — S — form, yield over 75 % of their sulphur as HgS. 

(2) The substitution of the amino-group, carboxyl group, or both groups 
of cysteine inhibits the formation of HgS enormously. 

(3) The substitution of the sulphur of cysteine completely inhibits H^S 
formation. 

(4) a-Thiolcarboxylic-acids yield only very small amounts of H2S. 

(5) All the remaining organic sulphur compounds studied in which the S is 
not linked as in cysteine yield no II2S. 

It is ^concluded from the above data that HgS formation from organic sulphur- 
containhig substrates by the organisms investigated is specific inasmuch as, of 
the large number of compounds studied, only those which possess a cysteine or 
potential cysteine group are attacked to any significant extent. 

Of the inorganic sulphur substrates studied sulphur was reduced to H2S 
by both the bacteria, the comparative insolubility .of this substance in water 
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Table I« The anaerobic formation of H2^S by P. vulgaris and S, mareesceiis, 


HoS recovered 




Theoretical 

^ 





Weight 

used 

amount 

HgS 

P. vulgar 

A 

is 

8. marcesceiis 

A 

Compound 

in mg. 

mg. 

mg. 


ms. 

%' 

Controlf 

0-0 

0*0 

0 * 004 { 

0*004 

— 

0*004 

0*004 

— 

Cysteine 

O-o 

0*141 

0 dl 2 t 

0*120 

79 

0*120 

0*115 

80 

Cystine 

0-5 

0*142 

0 * 120 { 

0*123 

83 

0*120 

0*115 

80 

Glutatliione (reduced form) 

1-0 

0*111 

0 * 095 :t 
0*095 ‘ 

82 

0*091 

0*091 

78 

Glutathione (oxidised form) 

1-0 

0*111 

0 * 09 Si 

0 * 092 * 

82 

0*090 

0*094 

79 

Glycylcysteine 

0-5 

0*095 

0*080 

0*084 

82 

0*074 

0*078 

76 

N -Acetylcysteine 

0*5 

0*104 

0*020 

0*020 

15 

0*006 

0*006 

2 

Acetylcysteine methyl ester 

0*0 

0*096 

0*010 

0*010 

6 

0*006 

0*006 

2 

Acetylcysteine propyl ester 

0-5 

0*083 

0*006 

0*006 

2 

0*017 

0*017 

16 

Thiolacetic acid 

0'25 

0*093 

0*006 

0*006 

2 

0*010 

0*009 

6 

a-TMolpropionic acid 

0*5 

0*159 

0*006 

0*006 

2 

0 * 004 ^ 
0*004 ■ 

0 

^-Ethylcysteiiie 

0-5 

0*114 

0 * 004 t 

0 * 004 * 

0 

0*004 

0*004 

0 

S -Benzylcy steine 

0*5 

0*086 

0 * 004 i 

0 * 004 * 

0 

0*004 

0*004 

0 

Methionine 

0*5 

0*114 

o * 004 :t 

0 * 004 * 

0 

0*004 

0*004 

0 

Glycylcysteine dlketopiperazine 

0*5 

0*089 

0*004 

0*004 

0 

0*004 

0*004 

0 

Ergothioneine 

1*0 

0*113 

0*002 

0*002 

0 

0*002 

0*002 

0 

Phthalimido- ethyl mercaptide 

0*5 

0*093 

0*004 

0*004 

0 

0*004 

0*004 

0 

Thiourea 

0*25 

0*112 

0 - 004 X 

0 * 004 * 

0 

0*004 

0*004 

0 

Monophenylthiourea 

0*5 

0*112 

0*0041 

0 * 004 * 

0 

0*004 

0*004 

0 

Aliylthioiirea 

0*5 

0*146 

0*002 

0*002 

0 

0*004 

0*004 

0 

2 - Thio -4 - methy Ihy dantoin 

0*5 

0*131 

0*002 

0*002 

0 

0*004 

0*004 

0 

Sodium thiosulphate 

0*5 

0*108 

0*087 

0*087 

78 

0*004 § 
0*004 

0 

Sodium sulphite 

0*5 

0*135 

0*004 

0*004 

0 

0*004 § 
0*004 

0 

Sodium sulphate 

0*5 

0*120 

0*004 

0*004 

0 

0*004 § 
0*004 

0 

Sulphur 

1-0 

1*062 

0*026 

0*029 

2 

0*029 § 
0*025 

2 


* Calculated on the theoretical value after subtracting the control. 

I JSTo appreciable variation was found in the control values for different suspensions of the 
same organism. - 

t 31 mg. dry weight of bacteria per exp. Exps. in the same column without asterisk had 
34 mg. dry w’-eight per exp. 

§ 66 mg. dry weight of bacteria per exp. Exps. in the same column without asterisk had 
49 mg. dry weight per exp. 




1872 


H. L. A. TARR 



probably limiting the amount reduced. Neither sulphite nor sulphate was re- 
duced. The fact that thiosulphate was strongly attacked with the formation of 
HgS P. vulgaris and was not attacked by 8. marcescens, and that cysteine was 
attacked by both organisms, suggests that HgS formation from thiosulphate 
and from cysteine is due to two distinct mechanisms. 

DistfihutioJi of the enzyme foryning H^S from cysteine. 

In order to determine the distribution of the enzyme among different bac- 
terial species a studj?- was made of aerobic, facultative anaerobic and anaerobic 
bacteria. Washed cell suspensions of B, suhtilis, B. wsgatlierium, Ps. aeruginosa^ 
E. coli m.dA.faecalis were prepared by the method used in obtaining P. vulgaris 
cells. 8. lutea was cultivated for 48 hours at 2S°, the technique of preparing 
cell suspensions of this organism being in other respects identical with that used 
in preparing P. vulgayis cells. 0. sporogenes was grown anaerobically for 44 hours 
on caseinogen digest broth, the cells being washed and suspended in Ringer 
solution by the method already referred to. Duplicate experiments for deter- 
mining the amount of HgS produced from 0*5 mg. of cystine, together with the 
corresponding controls, were run for all the organisms studied, the technique 
employed being identical with that already described. The experimental solu- 

Table II« The anaerobic formation of from 0-5 mg. of cystine 
by different bacteria. 


Organism 

Dry wt. of 
bacteria per 
experiment 


HgS recovered 
(theory for 0-5 mg. 
cystine = 0* 142 mg. ) 

A 

r ' ' ' 

% of 

mg. 

Experiment 

mg. 

■theoretical 

A, fmcalis 

26 

Controls 

Cystine 

0-002 

■0-002 

0-013 

0-013 

8 

B. subliUs 

23 

Controls 

Cystine 

0-000 

0-000 

0-018 

0-014 

11 

B. megatherkmi 

16 

Controls 

Cystine 

0-000 

0-000 

0-002 

0-002 

1 

B. coli 

21 

Controls 

Cystine 

0-002 

0-002 

0-111 

0-111 

78 

Ps. aeruginosa 

33 

Controls 

Cystine 

0-004 

0-004 

0-012 

0-014 

6 

B. lutea 

55 

Controls 

Cystine 

0-000 

0-001 

0-001 

0-001 

0 

G. sporogenes 

4 

Controls 

Cystine 

0-004 

0-004 

0-065 

0-065 

43 
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tions were incubated for 24 hours, at 28° in the ease of S, lutea, and at 37° in 
the case of all other bacteria studied. 

The results of these experiments are given in Table II. From this Table it 
is evident that the power of various bacteria to produce H 2 S from cysteine 
varies considerably. Thus S. lutea and B, megatherium are inactive or nearty so, 
while E, coli and G. sjporogenes are very active. It is interesting to note that 
the enzyme is present both in cells of such aerobic bacteria as B, siibtilis and 
A, faecalis^ and in the strict anaerobe C. sj^orogeiies. 

The velocity of formation from cysteine by washed cells of P. vulgaris 
obtained from an identical medium with and without added cysteine. 

P. vulgarts was growni in the usual manner on caseinogen digest agar to 
which O'l % of cysteine (as the neutral hydrochloride solution sterilised by 
Seitz filtration) had been added prior to solidification of the medium, and on an 
identical medium without added cysteine. Washed cell suspensions of both these 
t 3 rpes of bacteria prepared as usual w^ere stored at 1° and were used -within 
12 hours of preparation. HgS formation from 0-5 mg. of cysteine was determined 
as already described, a number of experiments being run in the case of each 
suspension. The velocity of HgS formation was determined by incubating the 
Thunberg tubes in a water- bath at 37° and withdrawing them at suitable 
intervals for the estimation of this gas. In Fig. 1 the results of these experi- 


I 



Fig. 1. 1. 0 — 0 HgS formed from cysteine by P. vulgaris cells obtained from medium with 0*1 
added cysteine; 2. 0 — 0 formed from cysteine by P. vulgaris cells obtained from 

medium without added cysteine; 3. HgS formed in absence of cysteine by P. ml- 

garis cells ybtained from medium with 0-1 % addeh cysteine; 4. — • — «— formed in 
absence of cysteine by P. vulgaris ceils obtained from medium without added cysteine. 

1 and 3. 14 mg. dry Trt. of bacteria per exp. 2 and 4. 24 mg. dry wt. of bacteria per exp. 


ments are plotted graphically. It is clear from this diagram that H^S is formed 
with much greater rapidity b}^ cells cultivated in the presence of 0-f % cysteine 
than by cells cultivated on an identical medium in the absence of added cysteine. 
Suspensions of cells cultivated in the medium rich in cysteine also give off* 
more HgS when incubated in the absence of cysteine than do suspensions ob- 
tained from the medium without added cysteine. The formation of H^S from 
cysteine takes place with greatest velocity at the commencement of the" experi- 
ment. After 8 hours 85 % of the cysteine added was recovered as H^S in the 
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experiment in wliich cells from the medium rich in cysteine were employed, 
while ill the case of the other suspension only 51 % of the cysteine sulphur was 
recovered as ligS. Calculation showed that, in this experiment, 10 mg. (diy 
weight) of bacteria from the medium rich in cysteine would be capable of 
forming S5y of HgS in 8 hours, while, under similar experimental conditions, 
10 mg. (diy weight) of bacterial cells from the medium with no added cysteine 
would only form 38y of HgS in 8 hours. 

SUMMAEY. 

1. The formation of hydrogen sulphide from a variety of organic and inor- 
ganic sulphur compounds has been studied employing washed cells of P. vulgaris 
and S. marcesGens. 

2. Of the organic sulphur compounds studied only cysteine, cystine or those 
containing either of these molecules yield over 75 % of them sulphur as H.S. 

3. Substituted cysteine compounds and a-thiolcaxboxylic acids, when 
attacked, only yield very small amounts of H 2 S, and all other organic siilpliur 
compounds studied yield no HoS. 

4. Of the inorganic sulphur compounds studied sulphur is reduced to HoS 
by both bacteria, while neither sulphite nor sulphate is reduced with the forma- 
tion of HgS by either strain. 

o. Tliiosulpliate is reduced vdth the formation of H 2 S hy P. vulgaris, but 
not by S, marcescens. 

6, The formation of H^S from organic sulphur compounds appears, therefore, 
to require the presence of a specific enz 3 rme in the bacterial cell. 

n This enzyme has not been found in the cells of all bacteria studied, but 
has been found in the cells of aerobes, facultative anaerobes and in one strict 
anaerobe. 

8. Cysteine added to the medium emplo 3 md for producing the bacterial cells 
stimulates the formation of the enz^mie. 

^ This investigation was largely made possible by the kindness of Dr N. W. 
Pirie of this Department in supplying me with most of the organic sulphur 
compounds employed. My thanl^s are due to Dr Spooner of the Department 
ot Pathology for giving me certain of the cultures used. To Sir P. G. Hopkins 
I am indebted for his constant interest and encouragement. 
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CCLV. THE NORMAL SERUM-CALCIUM AND 
MAGNESIUM OF THE RAT: THEIR RELATION 
TO SEX AND AGE. 



By ELSIE WATCHORN. 

From the Biochemical Labomtory, Cambridge. 

(^Received November 1933.) 

The normal serum-magiiesium of tlie rat has not hitherto been determined, 
except perhaps for a very few animals; some figures given by Watchorn [1932] 
for instance, were too few to be of value. The present paper gives the data from 
approximately 100 rats. The opportunity was taken to study the calcium also, 
for although the rat has frequent^ been used for serum-calcium studies (notably 
in work on irradiated ergosterol) the normal has received but little attention, 
a few animals only having generally been used. The work of Cameron referred 
to later is, however, an excexDtion to this general statements 


Experimental. 

The rats (black and white piebalds) when weaned were placed on a diet 
consisting of “light white casein 23, rice starch 40, cane sugar 20, arachis oil 12, 
. salts (modified McCollum and Davis, for details see Watchorn [1932]) 5, dried 
yeast 10, cod-liver oil 2*5. Fresh water was provided ad lib., and in addition 
fresh milk was given several times a week. The percentage of magnesium in 
the basal diet was 0*035, which is within the range suggested by Lavollay [1931] 
as most suitable for growth. The males and females were kept separate through- 
out, and all animals were housed in large cages givmg ample room for exercise. 
The room was kept at a constant temperature of 10° F. The rats were always 
Miled in the early afternoon and the stomach was invariably empty, no fresh 
food having been given that morning. Blood was removed by heart puncture 
under chloroform anaesthesia. All females were taken in dioestrus, and each 
rat was examined for evidence of disease; if such was present the blood was 
not used. Any haemoglobin-stained sera were also discarded. 

Calcium was estimated by Clark and Collip’s [1925] modification of Ki-amer 
and TisdalFs method, and magnesium by the Bell-Doisy colorimetric determina- 
tion of the precipitated magnesium ammonium phosphate. Owing to the high 
concentration of magnesium in the serum of the rat it is possible to make 
accurate determinations on 1 cc. of serum. 2 cc. were, however, taken whenever 
possible on account of the accompanying calcium determination. 

Mesults. 



The rats of each sex have been divided into two groups, “young’’ and 
“adult.” The former were all 3-4 months old, and the latter ranged from 
to 16 months. Originally the adults were subdivided into those under one 
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year and those over one year, but as no difference could be detected in the 
few 16-montlis old rats available, they have finalljT' been grouped together with 
the others. The results are given in Tables I and II. 

About 20 rats reared on a mixed stock diet of natural foodstuffs have also 
been examined. The values for serum- calcium and magnesium all came witliiii 
the normal limits given in the followdng tables. 

Table I. Normal rat serum-calcium. 


h ' 


(mg. per 100 cc.) 
Males 


Females 



( 

Young 

No. of animals 28 

Adult 

27 

Young 

24 

.vV. 

Adult 

24 

■’I 

fell':'' 

Range of variation 10-70-13*79 

Mean value 12-23 

Standard deviation of the mean ±0-14 

Standard deviation of the series 0-75 

10-29-13-16 

11-92 

±0-16 

0-84 

11-18-13-23 

12-00 

±0-12 

0-61 

9-61-14-04 

11-60 

±0-26 

1-29 

r ' 1 

^11 ; : ' ' 

Table II. Normal rat 

serum-magnesium. 



(mg. per 100 cc.) 



Females 


No. of animals 

( 

Young 

28 

Adult 

25 

f 

Young 

23 



Adult 

23 

Range of variation 

Mean value 

Standard deviation of the mean 
Standard deviation of the series 

4-01-6-89 

5-36 

±0-12 

0-64 

3 - 30 - 5-24 

4-43 

±0-10 

0-49 

3-71-5-10 

4-39 

±0-08 

0-39 

3-63-5-69 

4-43 

±0-10 

0-50 


DiSCUSSIOXe 

Calcium. From a much smaller series Parhon and Werner [1932] found that 
the normal serum-calcium of the rat varied from 11-0 to 13-5 mg. per 100 eo., 
vdth an average of 12-2 mg. Tweedy and Chandler [1929] give a range of 
9 2o— 12'5 mg. per 100 cc., and. Hess ct cd. [1932] in a series of 11 normal young 
rats have values from 10-1 to 13-0 mg. per 100 cc., the average being 11-18 mg. 
The figures in Table I are of the same order as those just quoted, as also are those 
given by Dixon [1933], On the other hand, Hess et al. in an earlier paper [1928-29] 
state that the rat’s normal serum-calcium is 10-0 mg. per 100 cc,, and Harris and 
Stewart [1929] that the range is 9-5-10-5 mg., though in neither case are figures 
given or authorities quoted. The “hypercalcaemic” figure found by Harris and 
Stewart seems m fact to be well within the normal range. 

In the present series the serum-calcium level of both young and adult females 
was slightly lower than that of the corresponding males. The adults of both 
sexes had lower average values than the young. The question arises as to 
whether these small differences can be regarded as significant. If the animals 
are grouped into “young” and “adult” irrespective of sex and the results 
treated statistically, the following figures are obtained: 


Mean value of all young = 12-16 mg. per 100 cc. 

Mean value of all adult =11-77 mg. per 100 cc. 

Difference = 0-39 mg. per 100 cc. 

The value of t is 2-171, P hes between 0-05 and 0-02, and thus the difference 
due to age is significant. Parhon and Werner [1932] noticed a tendency for 
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serum -calciiiiii to decrease with age in species, including the rat. Oameroii 

[1928] found the contrary. 

Males and females grouped irrespectively of age give the following figures: 

Mean value of all males = 12-10 mg. per 100 cc. 

Mean value of all females = 11-80 mg. per 100 cc. 

Difference = 0-30 mg. per 100 cc. 


The value of t is 1*708, so that P lies between 0-1 and 0-05; from this it is 
impossible to sa,y with certainty whether the difference between sexes is signi- 
ficant or not. Mclsaac [1928] found slightly lower concentrations of calcium 
in the serum of young female rabbits compared with males of similar ages ; this 
sex difference became more marked with age. Meglitzky [1927] found a similar 
sex difference in cats, and Boynton and Greisheimer [1930-31] for men and 
women. Charles [1931] found an average of 11*96 mg. per 100 ce. for 12 male 
rabbits and 11-51 mg. for 12 females — ^though again, statistically, the difference 
is not significant. 

Bojuitoii and Greislieimer [1930-31] noticed that men showed a smaller range 
of serum-calcium variation than women, and Okey et al. [1930] state that the 
day to day variations for men are smaller than for women. It is apparent from 
Table I that the serum- calcium of the adult female rat is more variable than 
that of the adult male or the young of either sex. 

Cameron and Williamson [1927] give the average winter and summer serum - 
calcium value for the albino rat as 10*4 mg. per 100 cc., with a range of 8-3— 
12-1 mg. Values in the spring were definitely lower. Cameron [1928] further 
investigated the matter and found that the younger the rat the more variable 
was the serum- calcium and the more liable to be low in concentration. The curve 
for blood- calcium values appeared to be parallel with the curve for solar ultra- 
violet radiation, and Cameron suggests that the low levels frequently found in 
his young rats were the result of insufficient and seasonal variations in the 
vitamin D content of the foodstuffs fed. Cameron’s figures were obtained from 
the study of a large number of rats and their accuracy is not to be doubted; 
nevertheless they cannot be taken as representing the normal picture for the 
rat living in this country under standard conditions, where the vitamin intake 
is unaffected by seasonal changes. 

Magnesium. The serum-magnesium of the rat is approximately double that 
of man. The average value of the females did not change with age and was the 
same as for adult males. The young males, however, had definitely higher values. 
The difference between the average values of ^mung and adult males was 
0-93 mg. per 100 cc. The value of t is 5-856, whence P is less than 0-01 and the 
difference definitely significant. Had all the animals been examined irrespectively 
of age, there would still have appeared to be a difference between the males 
and females of 0*51 mg. per 100 cc., and this again is statistically significant 
(^ = 4-907 and P is less than 0-01). Charles [1931] found slightly lower serum- 
magiiesiuiii values in female rabl3its compared with males, but the difference 
was not statistically significant for the number of animals used. 

The lower serum-magnesium level of the young female rats is interesting in 
connection with magnesium deficiency. It has been the experience of the writer 
that females receiving a magnesium-deficient diet show pathological symptoms 
much more rapidly than do the males of the same age. 

Correlation of serum-calcium and magnesium. Brookfield [1933] stated that 
there is an inverse relationship between the serum-calcium and magnesium of 
rabbits. No such inverse relationship was apparent from an inspection of the 
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figures giyen above for rats. An examination of the average values, on the 
contrary, indicates a tendency for these two serum constituents to vary in the 
same direction. The correlation coefficient of the 97 pans of figures available for 
treatment is 4-0'36 and P is less than O-Ol. There thus appears to be a definite 
though not very rigid, relation between the serum-calcium and magnesium” 
but the coefficient being positive the ratio of the two is direct and not inverse! 

'll : 

Stjmmaby. 

j L Tlie serain-calcium and magnesium values of approximately 100 rats 

'•H liave been determined. 

2 . Young rats bad a slightly, but probab,ly significantly, higher serum- 
calcium level than adult animals. 

3. The females had a slightly lower serum- calcium than the males. The 
difference was not definitely significant. 

4. The average serum-magnesium of adult males and of young and adult 
females was the same (4-4 mg. per 100 cc.), hut young males had a significantly 
higher average (5*36 mg. per 100 cc.). 

5. There was no seasonal variation in either mineral with the diet used. 

The writer is indebted to the Medical Research Council for a fiiH time 
personal gi’aiit. 

She also wishes to thank Mr Wishart of the School of Agriculture for advice 
and encouragement concerning the statistics. 



REFERENCES. 


Boynton and Greisheimer (1930-31). Proc. Soc. Exp. Biol. Med. 28 907. 
Brookfield (1933). Biocheni. J. 27, 173. 

Cameron (1928). Tmtis. Boy. Soc. Can. 22 (V), 135. 

and Waiiainson (1927). Trans. Boy. Soc. Can. 21 (V), 139. 

Charles (1931). Quart. J. Exp. Physiol. 21, 81. 

Clark and CoUip (1925). /. Biol. Chem. 63, 461. 

Dixon (1933). Biocliem.- J . 27, 410. 


Harris and Stewart (1929). BiocUni. J. 23, 206. 

Hess, Gross, Weinstock and Berliner (1932). J. Biol. Chem. 98, 625. 

'Weinstock and Rivkin (1928-29). Proc. Soc. Exp. Biol. Med. 26, 199. 
Lavonay (1931). BvU. Soc. Cliim. Biol. 13, 1205. 

Molsaao (1928). Brit. J. Exp. Biol. 6, 242. 

MegHtzky (1927). Z. ges. exp. Med. 55, 13. 

Okey, Stewart and Greenwood (1930). J. Biol. Chem. 87, 91. 

Parhon and 'Werner (1932). Compt. Bend. Soc. Biol. 109,’l392. 

Tweedy and Chandler (1929). Amer. J. Physiol 88, 754. 

Watchorn (1932). .7. Hygiene, 32, 156. 



CCLVI. THE PROTEINS OF GRASSES. 

IL A NEW METHOD OF PREPARATION. 




By albert CHARLES CHIBNALL, ERNEST JOHN MILLER, 
DONALD HUGH HALL and ROLAND GORDON WESTALL. 


From the Biochemical Department, Imperial College of Science and Technology, 
South Kensington, London. 

{Received November 1st, 1933.) 


In tlie preliminary paper of this series [Mller and Chibnall, 1932], it was pointed 
out that the original ether method of Chibnall [1923] for the preparation of leaf 
proteins gave negligible amounts of protein when applied to various grasses, and 
a modification involving the use of ether-water in lieu of ether was described 
which in certain cases had enabled us to prepare the protein from cocksfoot. 
The yield of protein obtained however varied greatly and in most cases was 
disappointingly small. Many experiments were made to 'find out the inherent 
weakness of the method employed, and one of them (Exp. 4) described in the 
preliminary paper suggested that the ultimate yield of protein could be enhanced 
two- or three-fold if the grass, instead of being treated as soon as possible after 
cutting, was first of all set aside for about 8 hours, as though some change 
affecting the aggregation^’ of the leaf proteins took place during this short 
period, thereby enabling them to disperse more readily into colloidal solution at 
the appropriate stage in the preparation. At the same time it was clearly pointed 
out that the influence of ether or ether-water, together with a ''time factor,” 
on the cytolysis of the leaf cell protoplasts — the first and essential step in the 
preparation of the leaf proteins — ^was not jet clearly understood, for although 
the use of ether- water and a "time factor” of 8 hours gave fair jdelcls of protein 
from grasses out in spring, they gave, curiously enough as it seemed at the time, 
negligible yields of protein from grasses cut from the same plots the following 
autumn. 

Further experiments carried out during the last 18 months have indeed 
shown that our former conclusions were quite erroneous. Ether- water has been 
used as a cjdolysiiig agent in the preparation of proteins in excellent yield from 
a large number of grasses and other forage crops, and we now know that the 
essential point in its employment is that it must have been used at least once 
before to cytolyse an appropriate amount of grass. This subtle difference in 
behaviour between what we shall henceforth refer to for convenience as "fresh” 
and "used” ether- water was quite unlooked for, because our previous experience 
ill the use of ether itself as the cytolysing agent for leaves such as spinach or 
riiiiner bean had taught us to look upon the ether content of the ether-water as 
the potent factor in its use. When fresh ether-water is used to cytolyse leaves 
it not only becomes contaminated with sap which exudes from the leaf cells but 
it also loses ether hj evaporation during the subsequent handling of the leaf 
material. For this reason it had been customary in our laboratory to emploj?^ a 
new sample of ether- water with each portion of grass undergoing treatment. 
Occasional!}^, however, a shortage of ether compelled us to use the ether-water a 
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second or third time, and it is a coincidence that this occurred when a sample of 
the grass had been deliberately set aside for 8 hours. The greatly increased yield 
of protein then obtained was naturally, but we now know wrongly, ascribed to 
the “time factor ’ mentioned above. Further investigation very soon disclosed 
the nature of the extraordinary difference in action between “fresh ” and “used ” 
ether-water and since we now believe that this slight modification in technique 
permits the preparation of proteins in good yield not only from leaves of 
herbaceous plants which were amenable to the earlier ether treatment but also 
from leaves of ligneous plants from which it has hitherto been impossible to 
prepare proteins at all, it is necessary to describe the cvtolysing action in some 

When cut grass is immersed in “fresh ” ether-water for ten minutes the latter 
slowly turns brown. The leaf cells are cytolysed and the protoplasts become 
ireely permeable to the aqueous contents of the vacuoles; consequently those 
constituents of the cell whose molecules are sufiicientlj'’ small will diffuse freely 
through the cellulose wall into the ether-w^ater. If a section of this cytolysed 
grass be cut the cells present the same appearances as those of spinach leaves 
eyto ysed with ether [Chibnall, 1923]. In each cell the protoplast has collapsed 
and has shrunk to one end, the rest of the cell being filled with a brown water- 
clear hquid which is the vacuole fluid diluted udth ether-water. 

If a fresh batch of cut grass is now immersed in this “used” ether-water 
cytolysis of the cells takes place to all appearances as reachlv as before, and the 
ether-water becomes further contaminated and more darkly coloured Two 
striking differences can, however, be readily observed. In the first place there is 
a relatively enormous uptake of “used” ether-water by the cells, presumably 
before the sem-permeability of the protoplasts has been completely destroyed. 
In the second place a cut section shows that there is no evidence of collapse or 
shrinkage of the protojgasts, although these have been rendered freely permeable. 
The section, in fact, differs but little from that of a fresh untreated blade of grass, 
in which the turgid protoplasts fill the whole interior of the cell 

possible at the present time to give a physiological’ explanation of 
the difference in behaviour between the “fresh” and “used” ether- water, but 
we believe that the followmg account affords a reasonable explanation of certain 
uim ^ observed facts which bear on the yield of proteui ultimately obtamed. 
When the cut grass is immersed in “fresh” ether-wrater, the semi-permeability 
of the protoplast is destroyed extremely rapidly, so that the fluid of the vacuole, 
concentration of solutes, is suddenly released. This fluid, 
deb^rfrS^r^ through the now freely permeable protoplast, causes partial 

denaturation of the colloidal proteins which are 
the chief components of the cytoplasm, and may thus help to bring about 
the nSn! Protoplast. At the stage in the preparation of 

i leaf residues ie ground up 

wiWi water the cytoplasmic contents of the oeUs are not readily dispersed into 

cSbr^ ether-water is employed the cytolysis of the 

demessil modified way. The anaesthetic action of the ether is 

tw k i instantaneous death of the cell 

«iere ^ m the earlier stage only a slow decrease in semi-permeability. In some 

Tu possible to explain the response of the cells fs ehano-ed 

the vaeuol? The^ tb™^* rapidly through the protoplast into 

nernreS\?fL anaesthesia ultimately renders the protopl^t freely 

thaWhfn it diffi^ fit ^"'1 "^rited with ether-water 

that when it diffuses out through the protoplast the coUoidal proteins suffer no 
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appreciable dehydration or denatiiration, so that not only is the protoplast left, 
to external appearances, iiiichanged, but at the stage in the preparation of the 
leaf proteins referred to above the c3doplasmic contents of the cells are readih?" 
dispersed into colloidal solution. Appropriate experiments have shown that this 
modified action of ‘^used’^ ether-water is due not to the lowered concentration of 
ether but to the substances which diffuse out from the cytotysed cells, and ether- 
water which has been used initialty with one particular species of grass will act 
as ''used'' ether- water for any other species. ’ 

If one accepts the validit^r of the above explanation, it appears that the high 
yields of protein obtained from spinach and other leaves by the older ether- 
method, which caused the collapse and shrinkage of the protoplasts, were due 
to the iniicli lower concentration of solutes initially present in these leaf cell 
vacuoles. 

Experimental. 

Materials used. The grasses used in the present research were pure strains 
taken from specially cultivated plots which were sown in the autumn of 1931. 


Table I. Details oj proteins pf'ejmred from various grasses. 


Extracted protein 

Sample of leaf material ^ 


Species 

Date of 

Fresh 

weight 

A.. 

Dry 

weight 

Total 

N 

Total 
pro- 
tein -N 

Total 

iveight 

X (Ash- 
free) 

Yield in 
% of 
total 
leaf 

sampling 

kg. 

o> 

^0 

0/ 

/o 

0/ 

, o 

g. 

O' 

/o 

protein 

Cocksfoot {Daetylis (Batch Q) 

20. V. 32 

8-0 

14-5 

6-4 

5-3 

73 

14-1 

13-6 

16-8 

glomemta) f ,, R) 

2T. V. 32 

17-0 

14-1 

6-5 

5-0 

271 

30-9 

» ,, ( „ S) 

3. vi. 32 

20-0 

13-0 

6-S 

0-7 

245 

14-0 

23-3 

)? ( 55 U) 

16. vi. 32 

16-0 

17-5 

5-8 

5-1 

216 

13-0 

19-8 

{ „ AB) 

29. V. 33 

30-0 

13-0 

6*15 

5-4 

397 

14-6 

27-5 

, » ( „ AC) 

7. vi. 33 

16-0 

15-0 

6-0 

5-3 

210 

13-4 

22-4 

» 5. ( ,5 AD) 

22. vi. 33 

30-6 

17-8 

5-65 

4-9 

360 

13-2 

17-9 

55 5) ( 55 AE) 

11. ix. 33 

7*0 

18-3 

6-07 

5-5 

97 

13-3 

17-5 

Rough-stalked meadow grass (Poa 

4. X. 32 

2-9 

18-0 

5-6 

4-9 

26 

13-4 

13-6 

tnmaMs) 

SJ 5J 

27. ri. 33 

12-0 

14-0 

6-2 

5-3 

89 

13-8 

13-7 

Timothy [Plileimi fmtense) 

18. X. 32 

0-9 

27*0 

4-7 

4-1 

rr 

13-8 

9-7 

Chewings fescue (Fesiuca rubra 

26. ix. 32 

7-5 

16-0 

6-15 

4-8 

7.3 

14-1 

17-8 

var. jallax (Hack)) 

Hard fescue {Festuca climuscula) 

29. ix. 32 

4-0 

22-5 

6-80 

5-5 

87 

15-0 

IM 

» J5 

29. vi. 33 

8-0 

19-0 

5-95 

4-9 

65 

14-6 

12*8 

Red fescue {Festiim rubra) 

29. ix. 32 

2-0 

21-0 

6-15 

5-0 

27 

14-4 

18-4 

S? SJ 

29. vi. 32 

8-0 

16-0 

5-85 

4-8 

77 

14-2 

17-7 

Tall fescue {F estuca elatior) 

11. X. 32 

1-4 

16-6 

5-75 

5-0 

13 

13-7 

15-4 


26. vi. 33 

4-0 

17-0 

5-8 

4-9 

40 

13-6 

16-3 

Meadow fescue (Festuca -pratensis) 

18. X. 32 

0-7 

32-0 

3-4 

2-9 

7 

13-S 

14-7 

n ss 

27. vi. 33 

6-0 

15-0 

5-7 

4-8 

(6) 

13-9 


Italian ryegrass [Loliurti italic um) 

11. X. 32 

1-7 

13-7 

6-3 

5-3 

13 

14-0 

14-8 

n S5 

26. id. 33 

4-0 

15-0 

5-9 

5-2 

45 

14-1 

20-5 

Perennial ryegrass (Lolium ‘peremie) 

6. xi. 33 

7-0 

184 

4-6 

3-8 

82 

12-8 

21-8 

Crested dog’s tail (Cyanosurus crisiatus) 

18. X. 32 

1-1 

25-3 

4-5 

3-7 

14 

13-8 

18-6 

55 

27. id. 33 

6-0 

16-0 

5-25 

4-5 

46 

14-9 

16-1 

*Bent (Agrostis sp.) 

25. X. 33 

4-0 

27-0 

2-43 

24 

32 

10-3 

14-6 

■^Yorkshire fog (Holcus lanaius) 

23. X. 33 

2-3 

20-2 

3-26 


44 

11-8 

— 

*Wild white clover (Trifolumi repens) 

18. X. 33 

26-4 

13-6 

5-09 

4-3 

319 

13-2 

28-0 

*Red clover (Tnfolium p)ratense) 

23. X. 33 

9-3 

23-7 

2-71 

2-4 

101 

12-8 

24-5 

■^Lucerne (Medieago saliva) 

29. Yi. 33 

12-0 

21-0 

3-25 

2-8 

61 

14-4 

12-6 

* Yarrow (Achillea Millefolium) 

24. X. 33 

10-0 

10-0 

3-92 

3-4 

26 

10-0 

7-6 


* From plots wliich had not received a dressing of ammonium sulphate. 
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In the spring of 1932 and 1933 each plot received a heavy dressing of complete 
fertiliser, and to obtain the maximum amount of protein from a given quantity 
of grass the plots were heavily treated at appropriate intervals with 3 cwt of 
ammonium sulphate per acre. About 8-10 days before the grass material was 
required the plots were closely cut back with a mowing machine and then 
dressed with the fertiliser. In the absence of rain the plots were watered daily, 
and when cut with the mower to provide the experimental material the blades 
stood 3-5 inches high. In the case of cocksfoot, the protein of which we are 
using for amino-acid analysis and therefore require in large amount, a second 
cutting was taken about 7 days later. After growing for another week the plots 
were again cut back (grass discarded) and treated as before with ammonium 
sulphate, when they were again ready to give two high-nitrogen crops at the 
time intervals mentioned above. Details of the samples used are given in 
Table I. For convenience the total protein-N was determined by the con- 
ventional method of Stutzer. As one of the ultimate objects of the present 
research on grasses is to determine the nutritive value of forage crops we have 
also prepared proteins from lucerne, red and white clover and yarrow. All the 
proteins described in Table I were prepared by a standard method founded on 
the prmeiples discussed above, and the practical details will be best illustrated 
by describing a typical preparation of cocksfoot protein in some detail. 


Py cpct'f (ztioH of pTotoiTh fTOTfi 20 Ic^. oj fveslily cut cochsfoot. 

Some beds of cocksfoot at the Imperial College Field Station at Slough were 
cut back with a mowing machine on May 20th, 1932, and then dressed with 
sulphate per acre. A first cutting (Batch R) was taken on 
i ay 2ith and a second (Batch S), with which the present experiment is con- 
cerned, on June 3rd at 7 a.m. There was no appreciable dew, and the total 
weivh7^^®^* weight 13-0 % and the N 6-8 % of the dry 

_ A sample of 2 kg. was immersed in 5 litres of “ fresh ” ether-water contained 
m a deep enamelled pan, and at the end of 10 minutes the pan was tilted so that 
the resultmg brown liquid could be drained off from the grass. The volume of 
used ether-water thus collected was 4500 cc., the remaining 500 co. being 
retained on the surface of the grass. In many of the experiments not recorded in 
detail _m this paper the batch of grass had been cut early in the morning 
0 ^owmg a ramy night. In such cases the surface of the grass was alreadv wet, 
an Vi len a sample was treated with “fresh” ether-water as described above 
there was no loss on draining, showing that the loss of 500 cc. in the present case 
was due to the wetting” of the surface of the blades. The cytolvsed grass was 
next enclosed in thick filter-cloth, which was placed in the "steel cylinder 
A n f+i.- ® internal diameter belonging to a Buchner press, 

-we - mg plunger was used to apply the maximuiii pressure for 4 minutes, 
the vofrme of expressed juice was 1400 cc. and on removal from the press the 
1 compressed grass was 9 cm. high. Nothing further was done 
vitb this sample which had been worked up merely to provide the necessary 

used ether- water for the preparation of protein from the remaining 20 kg. of 

grass. 

. of 2 kg. was next immersed for 10 minutes in this 4500 cc. 

«n + 1 , ■ On draining off the liquid only 3100 cc. was collected, 

qnn ^®®nme that 500 ec. were required to “wet ” the grass the remaining 

.. mus ave een actually taken up by the 2 kg. of grass. This enormous 
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intake of ater bj glass cytolysed with “used” ether-water has been commented 
on at some length above. The sample of grass was next enveloped in filter- cloth 
minutes as before. On removal from the press the cylindrical 
grass lesi ue did not remain compressed as in the previous sample, hut 
the blades of gi-ass separated slightly so that the height of the cake was 16 cm. 
as against 9 cm. agam emphasising the fact that “used” ether-water had 
brought about cytolysis with less internal breakdown in the leaf-cells than was 
e case wi i les i ether- water. The residue was allowed to imbibe water for 
4 minutes and pressed as before. This operation was repeated twice more in 
order to wash away the easily diffusible contents of the cells. The final leaf 
residue was then ground to a pulp in a meat chopper with 3 litres of water, and 
the debris of cell wall material removed by squeezing through silk gauze. This 
ybris was again treated in a simUar way with a further 2 litres of water, and the 
two green colloidal extracts thus obtained were filtered with very slight suction 
on a 24 cm. Buchner funnel tlirough a weU-rammed pad of paper-pulp about 
6-7 cm. thick. A clear brown protein filtrate was thus obtained. 

« Aleanwhile a third 2 kg. sample of grass was immersed in the 3100 cc. of 

f by *he previous sample, 1900 cc. of press-iuice being 

added to brmg the total volume to 5000 cc. The remaining eight 2 kg. samples 
of grass were also treated in a similar way at such time intervSs that there Ls 
always sufccient green colloidal extract to permit of continuous filtration tliroiigii 
wo o .6 paper -pu. p pads. In each case the volume of ^‘iised ” ether- water was 
niade up to oOOO co. with press-juice, and before the treatment of the 7th sample 
ot grass it was reinforced by shaking with 100 cc. of ether. 

The volume of the final filtrate was 47-3 litres, and 580 ec. of 2-04xV HCl were 
requmed to precipitate the protein at its isoelectric point. After standing over- 
mght the supernatant liquid was syphoned off and the protein coagulated by 
heatmg on a water-bath It filtered readUy at the pump, and wL purified 
by extracting once with boiling water, then hoUing 5 times successively with 
95 /o alcohol and finaUy once with absolute alcohol. The weight of the moisture- 
free protem was 24og., and it contained 13-9 % of N and 0-9 % of ash. The N 
ash-free, was 14-0 % As only 20 kg. of the hatch of grass had been used to 
prepare the protem this yield represents 9-3 % of the total drv weight of the 
grass, 19-1 /o_ot the total grass-N and 23-0 % of the total protem-N. These 
hgures are twice as great as those obtained from spinach hv the original ether 
method of preparation [Chibnall, 1924] and from cocksfoot 'in previous experi- 
meiits with ether- water [Miller and Chibnall, 1932]. 



Biscussiox. 

green colloidal extract referred to in the previous section was 
filtered through paper-pulp practically the whole of the protem passed through 
into the hltrate, very little being retained with the green fatty material on the 
paper-pad. e have always found this to be the ease with the new modified 
ether- water niethod of preparation, whereas in the original experiments with 
ether [Chibnall and Grover, 1926] about one half of the protem was retained on 
tfie paper-pad. In former papers this fraction, which could not be readily 
separated from the fatty material, was referred to for convenience as the 
combined protein, while that which passed freely through the filter was 
reteroed to as the ' ‘ soluble ” protein. An extended research which has been made 
into the fatty materials present in leaves does not suggest that any true chemical 
combmation can exist between the fats or phosphatides and the proteins, and 
we now believe that the ’‘combined” protein previously obtained with ether or 
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"‘fresh” ether-water was simply a fraction of the ""soluble” protein which had 
undergone partial dehydration or denaturation. It appears to us therefore that 
we have now reached a stage in the investigation of leaf proteins when such 
arbitrary distinctions as “combined” and “soluble” proteins have become 
unnecessary, and we have accordingly discontinued their use in this paper. 

In comparing the yields of protein from various grasses given in Table I 
with that of spinach, the most successful preparation made by the old ether 
method, it is to be remembered that the object of the present research was to 
prepare the grass proteins as readily as possible in amount sufficient for analysis. 
The cells of spinach leaves have very thin walls and are readily disintegrated in 
a meat chopper or mill to give a maximum yield of protein. Blades of grass on 
the contrary have thick, more fibrous, cell walls, and the great labour involved in 
the grinding operations of a large scale preparation precludes any attempt being 
made to obtain maximum disintegration of the cells. Were this possible we believe 
that yields of 50 % or more of the total leaf protein could be readily obtained. 

The protein of the grass residues is retained in unopened cells, and there 
seem to us no valid grounds for assuming that it differs in any way in composi- 
tion from that which we obtain from the cells which have actually been torn 
open. We feel justified in claiming therefore that our protein preparations are 
representative of the whole protein of the leaf, and we shall interpret the results 
of our amino-acid analyses accordingly. But as we have repeatedly emphasised 
ill previous papers there is as yet no evidence to show whether the preparations 
which we obtain from leaves consist of one particular protein, or whether they 
are mixtures of several proteins having similar physical properties. 

The properties of the grass proteins are similar to those of the numerous 
other leaf proteins described by Chibnall and Grover [1926]. The impurity 
discussed at some length by hliller and Chibnall [1932] is present in all the new 
preparations ; as a general rule we find that proteins with a high N content are 
obtained from young nitrogen- treated grass having a high protein content and 
low total dry weight, emphasising the view already expressed that the impurity 
is merely an adulterant with similar solubilities to those of the proteins. 

SUMMAHYo 

The ether-water method for preparing the proteins of leaves has been 
modified, and excellent yields of protein have been obtained from several pure 
strain grasses and certain forage crops. 

The essential point is that the ether-water must have been used at least once 
before to cytolyse an appropriate amount of leaf material. This extraordinary 
difference in action between ""fresh” and “used’’ nf.liAi* w^.f.AT* ia di* QAnaaad if-s 
some detail. 


"fresh” and ""used” ether water is discussed in 


We should like to record our thanks to Prof. V. H. Blackman for many 
interesting discussions during the course of this work, to the Imperial Chemical 
Industries for a grant to cover the cost of this research, and to Mr G. E. Blackman 
of Jealott s Hill Research Station for the supply of piire-strain grasses. 


REFERENCES. 

Clubnall (1923). J, Biol. Chem. 55, 333. 

(1924). J. Biol Chem. 61, 303. 

and Grover (1926). Biochem. J. 20, 108. 

Miller and Chibnall (1932). Biochem. J. 26, 392. 
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FROM LUCERNE WAX^. 
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In a previous paper [Cliibnall et al, 1931] dealing with the metabolism of paraffins 
ill the plant the need for gaining some insight into the constitution of the mixed 
primary alcohols which invariably accompany them in plant waxes was empha- 
sised. We have investigated many such mixed alcohols during the last five years, 
but definite evidence of their constitution was at first difficult to obtain because 
their components — higher primary alcohols containing 26 to 36 carbon atoms — 
had not then been synthesised, so that accurate standards for comparison, based 
on melting-points and crystal spacings, not only of these alcohols themselves, 
but also of the corresponding acetates, n-fatty acids and ethyl esters, were not 
available. Much of our work on plant waxes has therefore been deliberately held 
back pending the possible isolation from certain of them of the unknown primary 
alcohols ill a state of unquestionable purity. 

Since the work was in progress ?^-octacosanol, ?^-octacosanoic acid and 
^-triacontanoic acid have been synthesised by Bleyberg and Ulrich [1931] and 
%-triacontanoic acid b}^ Mrs Robinson. 

The preparation of pure t^-hexacosanol from the wax of cocksfoot has already 
been described [Pollard et al., 1931]. The presence of this alcohol, m.p. 79*8°, was 
readily recognised by the fact that on oxidation it gave an acid which melted 
at 87*9°, i.e. over 8° higher than the alcohol itself, whereas the mixed priiiiar}^ 
alcohols which usually occur in waxes give on oxidation acids melting only 
2-3° higher, owing to the fact that mixtures of n-fatty acids exhibit melting- 
points depressed many degrees. It was to be expected that this large difference 
of about 8° between the melting-points of an alcohol and its corresponding acid 
would hold for the longer- chain primary alcohols for which w^e were seeking; 
accordingly we have oxidised a sample of every wax primary alcohol isolated in 
this laboratory with the hope of finding other cases in which the correspond- 
ing acid melted some 8° higher than the alcohol itself. In this we have been 
more successful than we had dared to hope, and have been able to prepare 
samples of %-octacosanoi, :^i-triaeontanol and ?^-tetratriacontanol whose purity 
can be vouched for by data obtained from the derived paraffins. From these 
alcohols we have been able to obtain the corresponding acetates, ?i-fatty acids 
and ethyl esters and also similar products contamhig one more carbon atom. 
Data concerning the melting-points and crystal spacings of all these substances, 
and of mixtures of known composition, are fully discussed in another paper. 

^ The melting-points recorded in this paper were obtained by the method described by 
Piper et al. [1931] and are corrected. 
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The present paper describes the preparation of ?i-triacontanol from the leaf 
wax of lucerne {Medicago sativa). This wax was first investigated at an early 
stage in our research when we were seeking for possible sources of ketones 
corresponding to the 15-nonacosanone isolated by Chanuon and Chibnall 119291 
Jacobin [1911; 1912] claimed to have obtained two ketones, myrLtone 
and alfalfone, from lucerne (alfalfa) hay. We were unable to 

substantiate the findings of Jacobson, however, as our analysis showed that the 
wax was made up of fatty acids, a primary alcohol and a srnall amount of mixed 
parafim. It was not until a later stage in our research that steps were taken to 
determine the constitution of this primarji alcohol, and it is for this reason that the 
yield oi pure m-tnacontanol finaUy obtamed falls short of the maximum amount 
present in the wax. 

Experimental. 


lucerne was cut about one foot above ground, so that the sample 
(o3 kg.) consisted chiefly of leaf material. The wax was prepared and saponified 
m a similar way to that described by Pollard et al. [1931] for the produL from 
cocksfoot. The gross weight of wax was 49 g., equivalent to 15 % of the ether 
extract and 0-3o /„ of the dry weight of the lucerne ; from it w^ere obtained 10 
of fatty amds which were not further characterised and 36 g. of unsaponifiable 

" 

Primary alcohol 23 g. of unsaponifiable material gave 22-6 g. of insoluble 
sodium salt of a primary aUryl phthalate, which was thoroughly washed m the 

beu^LiT'^T ®t^er. On hydrolysis with sodium ethoxide in 

benzene-alcohol it gave IS g. of crude primary alcohol, m.p. 85°. 10 g. of this 

tlietmdiToT absolute alcohol, clarified with charcoal and 

^ product which separated on coolmg again treated twice successively in the 
from^ ylutecrystaUine material thus obtamed was recrystaUisfd twice 

acetenrTb? repeatedly from benzene-alcohol and 

MP 92-7-93 On oxidation it gave an acid, 

^•'5;, ^ ^ crystal spacmg (Series B. 164) of 71-5 A., and on reduction 

ma the iodide and treatment with Ught petroleum a paraffin Ji.p. 65-6-65-8° with 

the C forn^nr f • corresponding to 

the G form of w-triacontane, suggested that the paraffin must be fairly pure 

lomng that the pnmary alcohol was m-triacontanol. To effect if possible further 
purification the remainder of the alcohol was converted in the usual way with 
cdd acetate, which was then extracted repeatedl? with 

68-5-68^8°^ * ^ P^o^l’^cts thus obtained all melted within the'' limits 

in acetate crystallised from ethyl alcohol 

twice from 900 sharp angles and edges. 0-35 g. was recrystallised 

8fr3 86 5 “ iS 10 melfcu^g-point was then constant at 

showinaA3 pl^otograph (Series B. 259) 

13 orders in the B or short form measTiriiio- 66*53 A A samole was 

utual wavtiJh s“ff® treated in the 

three tim^s acid at 130 . The product thus obtained was extracted 

toee times at room temperature with fight petroleum (b.p. <40°) As is usual 

benzene alcohol Th extracted material was recrystallised from 

crvster«^ ^ and setting-points, transition temperatures and 

crystal spacings are given m Table I, the corresponding data for Itriacontane 
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Table I. 


Paraffin obtained from lucerne alcohol. 


Series no, 

B. 226 

Interpolated data 


Transition 
point on 
lieating 
60-2-60-6° 
About 61° 


M.P. 

65*6-8° 

65*6-8° 


s.p. 

65*4° 

65*4° 


Transition 
point on 
cooling 
58*8° 
58*8° 


Crystal 
spacing in A. 
C form 
35*46 
35*5 


being obtained by interpolation from those of a series of synthetic paraffins 
examined by Piper et al. [1931], From the discussions given in that paper there 
IS no doubt that the paraffin obtained from the lucerne alcohol contains much 
less than 1 ^ impurity; so that the alcohol can be considered a pure sample of 
«-tnaoontanol. ^ 

Offidation of the alcohol (1 g.) with chromium trioxide and glacial acetic 
acid [Pollard et al, 1931] gave w-triaeontanoic acid, which was reerystallised three 
temperature from acetone. The yield was 0-8 g. and the m.p. 92-6- 

^ acetone at 37° gave the pure acid, 

01 M.P. 93*6-93*9 and s.p. 93*1 . 

Since tliis .work was eompffited Mrs G. M. Robinson has kindly placed at our 
clisposal a sample of synthetic %**triaconta-noic acid^. This melted at 93*7-94° 
by the method used in tUis laboratory. Both acids gave excellent X-ray photo- 
graphs m the B form (Series B. 238, 235) measuring 71-41., with no trace of 

the C forni, showmg^tliat they were pure. Bleyberg and Ulrich [19311 give the 
M.P. of their synthetic acid as 91*9-92-l°. ^ 

Paraffin fraction After removal of the insoluble sodium salts of the primary 
alkyl phthalate m the usual way the residual material was taken up in boiling 
alcohol On cooling 1-2 g. of impure paraffin crystalhsed out. As no appreciable 
amount of material representing sothum salts of secondary alkyl phthalates 
remained m the mother-liquor, the crude paraffin was next treated with 
hycffioxylamine, but no ketoxime could be separated bj^ the methods employed 
by Sahai and Chibnall [1932]. These two operations show conclusively that the 
lucerne wax contains neither secondary alcohols nor ketones. The crude 
paraffin was then treated with sulphuric acid at 130° until no further darkening 
y the acid occurred. The resulting product melted at 6o-4-65-6° which is close 
o the of m-triacontaiie. Three simple extractions with cold petroleum 
(B.p. < 40 ) separated it into fractions whose transition temperatures and melting- 
points (Table II) sliow tliat tliey are complex mixtures. 


Table II. Fractionation of the naturally occmring paraffin, m.p. 

•isolated from lucerne. ^ 


Fraction 

no. 

1 


3 


Heating transition- 
point 
56*5-57*2° 
57*7-58*3° 
58*4-58*9° 


M.p. 

64*9-65*1° 

65*4-65*6° 

66 * 0 - 66 * 2 ° 


s.p. 

64*7° 

65*3° 

65*8° 


Cooling transition- 
point 
55*2 
56*2 
56*8 


■Hi 

'i If wi 


111 

'.11 At 



mixImVnfT'^?-,r^ ^-triaeontanol and a 

mixture oi paiamiis wliose mean molecular weight corresponds to tint nf 

rr?,r oSily 

r>i-i evaporated the extract to dryness and took up the residue with 

ether. On concentration the ethereal solution deposited material which was 
reerystallised repeatedly from ethyl alcohol, chloroform and methyl alcohol. 

''■“A 7^*^ "-triacontanoic acid was obtained by reduction of 13-betotriacon- 

b?the mloT 11-bromoundeooate, ethyl acetoaeetate and stearyl chloride 

by the method outlmed in a previous paper [Robinson, 1930]. 
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The product thus obtained, melted at 76-5“77° and represented 0*28 % of the 
hay. Portions of 0-5-0-8 g. were then treated on the water-bath for 12-15 hours 
with nitric acid (sp. gr. 1-104), which clarified the material with a loss of only 
2-8 % by weight. The waxy cake thus obtained was extracted with hot acetone. 
The insoluble residue melted at 88-5-88-8° and was soluble in hot cMoroform and 
carbon disulphide. It appeared to give no acetate with acetic anhydride and no 
acid on oxidation with chromium trioxide in sulphuric acid. It was therefore 
considered to be a ketone C2iH420 and given the name ''alfalfone.” No evidence 
for the presence of a keto-group was obtained, other than that on reduction 
with excess of sodium in alcohol, a product melting at 86-3-86-5° was formed. 
The material extracted by the hot acetone mentioned above separated as a white 
voluminous precipitate on coohng. It softened at 68° and melted over the range 
74-77°. Because this also did not appear to react with acetic anhydride or 
chromium trioxide in sulphuric acid it was considered to he a ketone, "and from 
its melting-point was identified as myristoiie C27H54O, On reduction with 
excess of sodium in alcohol it w’-as stated to give an alcohol which softened at 
72°, gave a clear meniscus at 80° and became transparent at 86°. As wax esters 
of long chain primary alcohols and ?^-acids are saponified only with great 
difficulty by hot mineral acid there is no doubt that Jacobson’s ''aifalfone” and 
''m;^ristone” consisted of unsaponified wax esters of ■Ji-triacoiitanol mixed with 
paraffins, and that the change in melting-point on the assumed reduction with 
sodium was due to the saponification of these waxes by the sodium ethoxide 
produced during the reaction. There is no doubt also that the alcohol C20H42O 
(m.p. 80°, B.p. 395°) isolated by Etard [1892] from lucerne leaves, and named by 
him “medicagol” was a mixture of 9^-triacontanoi and paraffin. We shall deal 
in a later paper with the constitution of ''myricyl” or '‘melissyl” alcohol, which 
has been considered by various workers to be either %-triacontaiiol or ti-hentria- 
contanoL 

SXJMMABY. 

The principal component of the wax from lucerne leaves is a long- chain 
primary alcohol (m.p. 86-3-86-5°) which has been identified as %-triacontanol by 
reduction to tz.-triacontane (m.p. 65-6-65-8°) and by oxidation to ^i-triacontanoic 
acid (m.p. 93-6—93-9°). The purity of all three products has been confirmed by 
X-ray analysis. 

The wax also contains mixed fatty acids, the composition of which has not 
been determined, and a paraffin, m.p. 65-6° which has been shown to be a com- 
plex mixture. No ketone is present, and it is suggested that the ^hnyristone” 
and ^‘alfalfone” of Jacobson [1911, 1912] were iinsapoiiified wax. 

In conclusion we should like to thank Mrs G. M. Robinson for a sample of 
synthetic n-triacontanoic acid. 
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In continuation of the research dealing with the attempted isolation of the 
onger-cham primary alcohol constituents of waxes, an account is now given of 
the pieparation from the blades of wheat {Triticum vulgare), of w-oetacosanoL 
Purihcation of the alcohol so that it could be used as a standard for our 
i^ray and m.p. data has proved extremely troublesome but was eventually 
effected m qmte a simple way by repeated recrystallisation at 37° from acetone. 
A.n account, however, of some of our earlier abortive attempts at purification is 
given in some detail, not only because the methods employed have been used by 
o ler workers whose results we shall have occasion to criticise in later papers 
but a,lso because they illustrate very clearty the significance of the “heating 
transition temperature ’ in judging the purity of a paraffin and hence of the 
alcohol froni Mffiich it has been derived. In the present case it has been possible 
to show quite dehnitely that the w-octacosanol when first isolated from the wax 

contains not more than about 1 % of impurity, consisting of at least three other 

alcoliols. 

Experimental. 

Preparation and treatment of the wax, Yoiing wheat at the stage -iiist before 

the appearance of ears was cut about one foot above ground, and the'blades air- 

r* powdered material (14 kg.) was extracted 

with ether, and from the material thus obtained (400 g.) the crude wax (62 o- 1 
prepared by the method of Pollard et al. [1931]. ^Tlie yield was therefore 
lo-o /o of the ether extract or 0-44 % of the dried wheat. On saponification the 
mix gave 40 g. of unsaponifiable material, which was a hard jrellow wax 12-4 cr 
of crude fatty acids and some amorphous material which appeared to’ consist 
CTiieny oi cliloropliyll degradation products. 

a preliminary experiment had shown that the unsaponifiable wax when 
treated by the plitiialate method of Chibnall et al. [1931] gave only a primary 
alcohol M.p. 82-83 and a small amount of paraffin, secondary alcohols and 
ketones being absent, the main bulk of the material was treated in the followinc^ 
way to y viate the labour and losses which always attend the phthalate treari 
ment. Ihe material was dissolved in warm chloroform which was poured into a 
dish and left exposed to the air. On evaporation of the solvent a yellow friable 
powder was obtained, which was then shaken for ten minutes at room temnera 
ture with light petroleum (b.p. 40-60°). Twelve successive extractions removed 

1 The melting-points recorded in this paper were obtained by the method described bv 

riper et al. [1931] and are corrected. 
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all material (10 g.) readily soluble in this solvent, leaving 30 g. of insoluble crude 

primary alcoliol. 

Constitution of the primary alcohol. The crude primary alcohol was crystallised 
from carbon disulphide to remove the last traces of paraffin, giving 26-6 o- of 
white granular crystalline powder, m.p. 82-82 -o°. 26 g. were acetylated by 
boiling gently for 16 hours with acetic anhydride (200 cc.) and fused sodium 
acetate (20 g.). The dark brown solution was pom-ed into water and crushed ice 
and the mixture stirred for 15 minutes. The biwvn powder was collected ao-ain 
stirred with iced water and finally dissolved in benzene-methyl alcohol leavino- 
a tarry residue. Erom the solution (charcoal) 27-5 g. of crystalline acetate were 
obtauied, m.p. 63-64°. This material was fractionally distilled in vacuo from a 
Willstatter flask of 100 cc. capacity. The temperature of the metal- bath was 
about 280° and several fractions were collected at 185-1 96°/0-03 mm the 
melting-points of which ranged from 63-5° to 64-5°. The higher-melting fractions 
were then collected and redistilled. This operation was repeated many times but 
in each case the first two or three fractions melted below 64°. It was” then found 
that if these lower-melting fractions were recrystallised twice from light petroleum 
(B.P <40°) the melting-point in each case rose to 64-4-64-6° suggesting that at 
the bath temperature necessary to distil the acetate a small amount of decomposi- 
tioii had occurred, with the formation of acetic acid and of A^-octacosene which 
would be very soluble in cold petroleum. The distUlation products were’finally 
collected into four fractions, as shown in Table I, fraction 1 consisting of the 


Table I. Fractionation of the wheat alcohol acetate. 




Acetate 

Alcoliol 
M.p. ("' c.) 

Fraction no. 

Wt. (g 

.) M.P. (°C?) 

1 

4-1 

64-4-64-6 

S2ffi-82*9 

2 

5*7 

64-4^64-6 

82-6-82-9 

3 

8*5 

64-3-64-6 

82-6-82*9 

4 

(residue) 

6-7 

64-8-65-0 

82-2-82-7 


Paraffin 
M.p. {° C.) 

61-3-61-5 

Gi-3-61'5 

61-3-61-5 

6i-6-61-8 


Acid 

M.p. (° C.) 
90*l~90-o 

90‘0™90*5 

88-7-89-2 


original low-melting samples which as mentioned above had been subseouentlv 

bvTinonr^*”’" petroleum. The corresponding alcohols were recovered 

fficohol untillr^^^ recrystallised repeatedly from acetone and benzene- 

alcoliol until the meltmg-points were constant. 

Fractions 1 to 3 aU melted at 82-6-82-9° suggesting that they were of 

slffihX iindistilled residL melted 

E 9i iLi ’ f Plrotograph of fraction 2 gave (Series 

SinJS°4 3 (Series B. 160) 11 orders 
suffaeSttot^A'J ^ spacings measurmg 75-46 A. These results 

rSe ^~fi pure w-octacosanol, and that the 

residue (4) contained a small amount of higher homologues. 

IPollarS^i/ was then reduced via the iodide to the paraffin 

furtW^^!^ treated with sulphuric acid at 130° until no 

tion from beT'® of the acid occuiTed. After washing with water and crystallisa- 

itrokum?B rr:S i’ "" <^>1^ light 

chain alPvl ind'id ’ ^ iisualiy the case with paraffins prepared from long- 

p-da„ cry,™ ™ ““ 
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melting- and setting-points and transition temperatiu-es of the four 
paraffins are given m Tables I and II. It will be seen that the distilled frac- 
lons ( ) ave melting- and setting-points identical with pure synthetic 

m-octacosane, but that the transition temperatures on heating are 2-3° lower. 



Heating 

transition- 

_ . . point 

Fraction no. 

1 54-8~55-5 

2 55-0-55-5 

^ 54-6-55-0 

I 53-6-54-0 

^ f 54*6-55-0 

3 h 54-5-55-0 

I 54-5-55-0 

3 d 55'{>-55*5 

a .1 r n tr ^ 57-0-574 

Synthetic CasHss 57-0-57-4 

OQ 7? "^1 7^ ^3oHg2 54-0-54-4 

QQ 0/ r i 1 0^ ?r 54-5-55-0 
99 % CggHgg + l % (Ihqmmoiar 55-0~55-5 

C'SeHs.j 4 -C 30 HG 2 + 0320(50 ) 

98 % CasHss + 2 % above triple niixture 54-0-55 -0 


Table II. 


61-3-61-5 

61-3-61-5 

61-3-61-5 

61-5-61-7 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-5 

61-3-61-6 


S.P. 

Cooling 

transi- 

tion- 

point 

Crystal spacings 
in 1. 



^G. 

®C. 

Series no. 

A 

-1 

C 

61-1 

53-4 





61-1 

53-4 






61-1 

53-3 

B. 162 

37-6 



61-3 

52-1 





61-1 

53-2 

B. 189 

37-79 



61-1 

— 

B. 190 

37-79 



61-1 

— 

B. 191 

37-74 



61-1 

53-3 

B. 200 


33-16 

61-1 

54-0 

B. 261 



33-21 

33-4 

61-1 

54-0 

C. 114 



61-2 

— 

B. 70 

38-0 


61-1 

53-3 

B. 168 


33-25 

61-1 

53-4 

B. 212 

37-9 


61-1 

53-0 

B. 213 

37-7 



To obtam if possible a purer sample of w-octacosanol the alcohol fraction 3 
was passed through the phthalate treatment to remove any trace of secondary 
alcohol, ketone or naturally ooeurrmg paraffin. The m.p. of the resulting alcohol 
owever was unchanged, but the X-ray photograph (Series B. 192) showed 9 
orders in the short form, measuring 62-58 A. with no Lee of the longer form 
w ici offiy appears at room temperature if impurity is present or when the’ 
S “'’T tr.„3iti„„.p„i„l. Th. derived paraffin had the 

;■ a n “«“*<«' temperatuM aa befote. The latter was accordinelT 

collected (3a 36, 3c) showed no improvement in transition temperatures, and 

all gave crystal spacings (Series B. 189-191) in the A form, 37 8 1. and were 
therefore impure. They were therefore united and distilled in vacuo Data 
concerning the material thus obtained are given in Table II, 3d. It will be seen 

the ill transition temperature, but that 

SSShrrS." ° 

low transition temperature for the paraffin and the 
rb7H?+yf ^ spacing in the short form might suggest— from 

19311 that Md CagHgg given in a former paper [Piper et al., 

1931]— that the paraffin was CagHgg with either 10 % of C„.H„ orSyofC H 

both H^^lnd f ° if ^ excludes such a possibility. i^th 1 "*% of 

o-nAri CgoHgj gives too high a transition temperature on heating and a 

fattl S % of o^oh of these 

atohoI^Th?^! ^ approximation to the paraffin from the wheat 

of the d^VAy extremely puzzling for during a prolonged fractionation 

me!!t nf « ^ paraffin referred to above we were unable to effect any displace- 
sYntbe^e*^"^ fraction, when melted alongside a sample of 

tfa, w-octaoosane, giving parallel melting- and setting-points. Yet the 

hoSy Had there been 6 % or even 2 % of impurity in the form of 

mologues present in this paraffin our experience leads us to believe that we 

H9— 2 
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could have readily obtained a shift in the melting-point by fractionation with 
cold petroleum. 

To check the transition temperature of our synthetic ?2-octacosaiie we com- 
pared it with a second sample prepared from higlily pure w-tetradecyl iodide by 
the method of Backmann and Clark [1927]. In a former paper [Piper et at., 1931 ] 
this sample was stated to have the correct m.p. and s,p. but to give an inferior 
X-ray picture. We have since found that the material can be readilj^ purified by 
extraction at room temperature with low-boiling petroleum, which separates a 
small amount of insoluble inipurit3y This new paraffin gave an X-ray picture 
with 8 orders and a spacing of 33*27 A. (Series B. 211) and had the same transition 
temperature on heating (57-57*4°) as the earlier sample of ?^-octacosalle. 

The X-ray pictures of all the samples of paraffin from the wheat alcohol were 
so unlike any of those of any even number paraffin containing a small amount 
of one or two other paraffins which we had yet made, that we decided to prepare 
some mixtures containing small amounts of three other paraffins, e,g. C^gllsg with 

I % and with 2 % of an equimolar mixture of and CggHgg. Data 

for the melting-points, transition temperatures and crystal spacings are given in 
Table II, Only 5 poor orders in the long form were given in both cases, and the 
picture given by the 1 % mixture approached nearest to, but was markedly 
inferior to, those given by the paraffin fractions from the wheat alcohol. The 
transition temperature on heating w^as not easily observed, but was definitely 
lower than that of the latter paraffins. Our investigation of the paraffins derived 
from fractions 1 to 3 of the wheat alcohol therefore suggested that they are 
??.-octacosane with less than 1 % impurity made up of at least three other paraffins, 
and that consequently the alcohol was ^z-octacosanol wdth less than 1 % admix- 
ture of three other alcohols. 

Much material and labour were expended in trying to obtain this alcohol 
chemically pure by repeated fractionation from the usual mixed solvents. The 
M.p. remained constant at 82*7-83°, and the heating transition temperature of 
the derived paraffin about 2-3° low. Furthermore the acid given on oxidation, 
which melted at 90*3-90*5°, gave an X-ray photograph (Series B. 236) with 

II orders in the B form nieasurmg 66*73 A. and 9 orders in the C form measuring 
60*46 A., whereas the data wdiich we were slowly accumulating for the higher 
'^i-fatt}^ acids suggested that a really pure acid should give only the B form. 

Purification of the alcohol w^as finally effected quite simpler by repeated 
reciystallisation from relatively large volumes of acetone, not at room tempera- 
ture, which had been our usual procedure with this and other solvents, hut at 
37° in an incubator. 2 g. of the alcohol, m.p. 82*7-83°, were recrystailised three 
times in this way from 800 cc. of acetone. The yield w’as 0*8 g., and m.p. 83*2— 
83*4°, unchanged on further treatment. The X-ray photograph (Series B. 256) 
showed 30 orders in the B form measuring 62*15 A. ^ The paraffin prepared via 
the iodide (m.p. 60*8—61*2°) had the correct transition temperature (57—57*4°) as 
shown in Table II (fraction 5) and gave an excellent X-ray photograph with 
15 orders in the low or C form measuring 33*21 A. It was a highly pure sample 
of %-octacosane, showing that the purification of the alcohol had been effective. 
Oxidation of the alcohol with chromium trioxide in glacial acetic acid [Pollard 
etaL , 1931] gave ?i-octacosanoic acid, m.p. 90*6-90*9°. Crystallisation at 37° from 
a large volume of acetone raised the m.p. to 90*8-91*1°, unchanged on further 
It is known that a pure long-chain compound of n carbon atoms usually gives very strong 
reflections in the ?ith and (?i-f2)th orders. The X-ray technique has been modified during this 
w^ork to allow measurement of these high orders, and an improved accuracy in the spacings has 
thus been obtained. 
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treatment. The crystal spacing (Series B. 262) was in the B form only, up to 
30j)rders measuring 66*76 A. The ethyl ester was purified by distillation (155- 
16570*07 mm.) and melted at 64*3-64*5'^, Bleyberg and Ulrich [1931] give the 
M.p. of their s^uitlietic ^-octacosanoic acid as 90*3—90*5° and of the etii 3 d ester as 
64*S-6o . We shall deal in a later paper with the constitution of “ moiitaii^d ” 
alcohol, wdiicli has been considered bj^ various workers to be either ?i-octacosanol 
or 9^••llonacosanoL 

Naturally occurring ivJieat paraffi^i. The 10 g, of material which were fairl}^ 
readily removed from the iiiisaponifiable portion of the wax by means of light 
petroleiiiii were dissolved in warm carbon disulphide. 2*2 g. of crude primary 
alcohol, M.p. 81—82° crj^stallised out on cooling. The mother- liquor was taken 
to dr^mess and recr3’’stallised from benzene -alcohol and acetone. 2*6 g. of white 
cr^'stalline material were then obtained which wnre shown to be free from 
alcoliok^ and ketones bj^ appropriate treatment. This substance melted at 
65--65"5 , and after treatment wdth sulphuric acid in the usual wmy 1*7 g. gave 
1*4 g. of paraffin melting at 65*5-66°. As w^as pointed out in a previous paper 
[Pollard etal., 1931] dealing with the ivax fraction of lyegrass, wdiich contained a 
paraffin with a similar m.p., earlier wnrkers have considered such paraffins to be 
%-triacontane. As in the case of ryegrass the wheat paraffin wms shown without 
difficult}-^ by fractionation with light petroleum to be a complex mixture whose 
composition cannot at present be suggested (Table III). 


Table III. 


Fra,ctionat%on of the paraffin, m,p. dd°, isolated from taheat^ 


Heating transition 


Series no. 

point 
° C. 

M.p. 

Ciy staf spacing 

A, 

B. 179 

49 -50 

61 -61-5 

38-9 

B. 178 

51 -5-52-5 

62-8-63-3 

39-6 

B. 177 

54 -55 

64*5-65-0 

40-6 

_B. 176 

58 -59 

65 '2-6o- 7 

41-1 

B. 175 

59 -60 

67 -67-5 

43-0 


ISTiiiiiber of 
order of 
reflection 

4 
6 
6 
6 

5 


SUMMABY. ^ 

The principal component of the "wax from blades of jmung wdieat is a long- 
chain primaiy alcohol wliicli lias been identified as ?^-octacosalloi (m.p. 83*2— 
83*4°) by reduction to ii-octacosane (m.p. 61*3-61*5°) and hy oxidation to 
^^/-octacosanoie acid (m.p. 90*8-91*l°)« The purity of ail three products has been 
confirmed by X-ray anal 3 ’’sis. 

The wax also contains mixed fatty acids, the composition of wiiich lias not 
yet been determined, and a paraffin, m.p. 66°, which has been shown to be a 
complex mixture. 


We should like to record our thanks to the Imperial Chemical Industries for 
a grant to cover the cost of this research, and their Staff at Jealott^s Hill 
Research Station, Bracknell, for the suppU of ^^ouiig wdieat blades. 
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CCLIX. THE EFFECT OF ENZYMES ON THE 
PATHOGENICITY OF THE ROUS AND 
FUJINAMI TUMOUR VIRUSES. 

By A2JT0INETTE PIRIE. 

From the Medical Research Council’s Field Laboratories, Mill Hill. 

{Received November 2nd, 1933.) 

The effect of various enzymes on the pathological action of viruses has been 
investigated frequently. Glover [1931] found that trypsin had no effect on the 
TOulence of contagious pustular dermatitis of sheep, Woodruff and Goodpasture 
[1929] obtained the Bollinger bodies of fowl pox in an active state by tryptic 
digestion of the tissue, and Jojkin and Vinson [1931] have found the virus of 
tobacco mosaic resistant to emulsin, pepsin and yeast extract, while it was 
inactivated by trypsin, pancreatin and papain. Fresh untreated tobacco iuiee 
was not affected by any enzyme. Wollmann [1925] found both trypsin-resistant 
and trypsm-sensitive phages, and Arnold and Weiss [1926] found that a phao-e 
was present in commercial pancreas preparations and that one phage was 
resistent to 4 % trypsin. Hirano [1931] carried out experiments with vaccinia 
and iound that takadiastase and a commercial preparation of trypsin had no 
effect on the activity of the virus. He found that a fresh glycerol extract of 
pancreas inactivated it and concluded that lipase was the enzyme responsible. 
A low pg- of itself inactivated vaccinia so that the action of pepsin could not be 
mvestigated. Baker and McIntosh [1927] were able to inactivate the virus of the 
Rous s^coma by treatment at pjj 8-0 with a commercial trypsin preparation. 
At pg. b-0 they found that the same preparation had an activating effect on the 
[1^32] also found that pepsin and trypsin inactivated the virus 
01 the Rous sarcoma while takadiastase. Soy bean urease and castor oil bean 
lipase did not. He therefore concluded that the proteolytic enzymes were respon- 
sible for the inactivation. On the other hand Frankel [1931] obtained tumours 
wi rypsimsed Rous cells and filtrates. In those experiments in which the 
source of the enzyme used has been stated it has always been a commercial 
preparation. Since these are mixtures, the results obtained by their use cannot be 
used to draw conclusions on the chemical nature of the virus in question. It is 
+ j T separate enzymes that their true effects on the virus can be 

studied. In a previous paper [1931] I reported that the virus of the Rous 
rcoma o. could be purified by adsorption until the infective dose contained 
only a very small amount of nitrogen. Similar results were obtained by Masch- 
maim ^931] and by Lewis [1931]. The latter considered that the Rous virus 
could be obtamed free from protein by this method. In an attempt to decide 
whether this was really so and if the nitrogen that remauied in the purest 
preparations of virus obtainable by this method was then either extraneous to 
^ ® or else peptide-nitrogen, I have investigated the action of separate 
proteolytic and other enzymes on the activity of the virus. I considered that if 
1 iound that the activity of the virus was not affected by any proteolytic enzymes 
1 could draw no conclusions from the result, since it would be possible for the 
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viius piotein to be quite resistant to their action; if, on the other hand, the virus 
was inactivated by a proteolytic enzyme, then the conclusion might be drawn 
that a protein or peptide was a constituent of the virus itself. Since Baker and 
Icintosh and Sugiura found that the virus was inactivated by trypsin mixtures 
1 hrst investigated the action of Merck’s pancreatin upon it. 

Preparation of separate, enzymes. 

1 of separation of the enzymes in pancreatin has been described 

and Ms collaborators. They are conveniently summarised in 
Grassmann s book [1928] and the technique described there has always been 
followed. The preparation and estimation of the carboxypeptidase is described 

sample of Merck’s pancreatin which has been 
^ protease, carboxypeptidase, amylase and lipase, but no 
aminopeptidase or dipeptidase. Waldschmidt-Leitz and Schaffner [1926] found 
that these latter enzymes were destroyed by treatment with acetone and ether 

enzymes were destroyed during the preparation of 
pancreatin smoe acetone and ether are often used in drying the pancreas. 

Estimation of enzymic activity. 

for ° easeinogen (B.D.H.) were incubated at p,, 8-0 

with !v/T?aOH ■ i ” ^“““-groups was measured by formaldehyde titration 

with A/IO AUUH using pheiiolphthalein as an indicator. An unincubated mixture was titrated as 

R control. 

Carboxypeptidase. The activity of the carboxypeptidase was tested by measuring tte hvdro- 
were f 1-0 cc. of enzyme plm 1-0 cc. (sometimes 5-0 co.) of 0-01 substrate 

re incubated atjPH ';2 for .30 minutes at 37“. The increase in formaldehyde titration was 
measured with A/10 NaOH using bromothymol blue as an indicator. 

,f ln.“’ 

glySSta" ”• ‘y tto liyMy.1, of 

Amylase. ^ 1-0 eo. or less of the enzyme was' incubated with 2-0 ee. of soluble starch and the 
acluomic point was noted using iodine as an external indicator. 

and o-Oce. of olive oil emulsion at p^H-Q were incubated for 
es at 3/ , and the increase in fatty acids was estimated by titration with NjW NaOH in 
e presence of alcohol. Phenolphthalein was used as an indicator.' The control was an incubated 

mixture of boiled enzyme and oil. 

Papain. The time of liquefaction of 5-0 cc. of 6-0 % gelatin by 1-0 cc. of enzyme was found. 

The effect of enzymes on the agents of the Bous and Fujinami tumours. 

The tumoiir filtrates were all made by filtration through paper-pulp and sand 
according to the method of Gye and Andrewes [1926], In all experiments, unless 
It IS otherwise stated, equal volumes of the enzyme solution and of the tumour 
filtrate were mixed and incubated at 37° for two hours, and the mixture was then 
injected into chickens m 1-0 cc. or 0-5 cc. doses. The controls were mixtures of 
boded enzyme solution and filtrate, also mcubated at 37° for two hours No 

SrJT solutions, but the pg was adjusted by the addition of 

dilute acid or alkali. No jpg- shift occurred during incubation. 

l able I sh ws the effect of fresh extracts of pancreatin on the activity of the 
agents of the Rous tumour No. 1 and of the Fujinami tumour grown in a hen 

G ve P m I ^ transplanted into a hen. 

Gye and Purdy [1931] have shown that the Fujinami virus extracted from a fowl 
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tiimour contains some substance which is neutralised by antisera to hen embryo. 
This substance is not present in the virus from a duck-grown Pujinanii tumour. 
It seemed possible that an enzyme might destroy the hen substance in such a 
way that the virus was still able to produce a tumour in ducks though not in 
liens. The results show that after treatment with pancreatin the activity of the 
virus is inhibited in both susceptible animals. These experiments confirm the 
work of Baker and McIntosh and of Sugiura on the virus of the Rous sarcoma. 
Experiments were done with ghmerol extracts of pancreatin since the separate 
enzymes are obtained in glycerol solution and it is known that glycerol has a 
stabilising effect on the virus of the Rous sarcoma [Masclimaiin, 1931]. 


Table I. Effect of fresh 'pancreatin on tumour -producing poiver. 


In this and all other tables the number of crosses denotes the size of the tumour at the death 
of the bird. Four crosses represent a tumour of maximum size and one cross in brackets a tumour 
the size of a pea. All birds were killed one month after injection. The usual age of the hens was 
between three and six months. Very young ducks were used as the tumour regresses in older 
birds [Gye and Purdy, 1931]. 


No. of 
bird 

Control 

Pan- 

ereatin 

Tumour 

(a) Ducks 

654 

XX 

Neg. 

Fujinami 

671 

XXX 

Neg. 

Fujinami 

746 

xxxx 

Neg. 

Fujinami 

(d) Hens 

655 

659 

XX 

Neg. 

Fujinami 

XXX 


Fiijinaini 

656 

XXX 

Fujinami 

669 

XXX 

(X) 

X 

Rous 

765 

xxxx 

Rous 

763 

xxxx 

Xeg. 

Rous 

673 

xxxx ' 

Neg. 

Fujinami 

672 

xxxx 

(X) 

Fujinami 


Enzyme preparation 

5 % pancreatin in saline 
5 pancreatin in saline 
5 % pancreatin in saline pZws 20 % glycerin 

5 % pancreatin in saline 
5 % pancreatin in saline 
5 % pancreatin in saline 
5 % pancreatin in saline 
5 % pancreatin in saline phis 20 % glycerol 
5 % pancreatin in saline plus 20 % glycerol 
5 % pancreatin in saline phis 20 % glycerol 
5 % pancreatin in saline plus 20 % glycerol 


A glycerol extract of pancreatin was then made according to the directions of 
Grassmann and adsorption was carried out at p^j 4*0 with alumina B in order to 
remove lipase. The neutralised residue contained active protease, earboxypepti- 
dase and amylase. Usually there was also a little lipase. It w^as found that the 
enzymes eoiitaiiied in this fraction of pancreatin had no effect on the tuiiioiir- 
prodiicing power of the filtrates. The activity of the enzymes was tested by the 
methods already outlined earlier in the paper and was found to be almost as 
great as that of the original pancreatic extract. The effect of another proteolvtic 
enzyme was therefore tested. Papain at pjj 5-0, 6-0 and 7-0 did not inhibit 
tumour formation. At pjj 6*0 the same result was obtained using papain after 
activation with 1/1000 HCN.^ A 10 % extract of B.D.H. papain was so active 
that it caused haemorrhages in the muscles of the hens and it was necessary to 
kill them. All tests were then done with 1*0 % extracts. 

The action of that fraction of the original pancreatin which was adsorbed at 
Pe nlumina B was next investigated. The alumina was washed with 

glycerol and eluted with a mixture of ammonium phosphate and ammonia in 
glycerol and water according to Grassmann’s method for the separation of 
lipase. The alumina was centrifuged off and the supernatant was neutralised. 
Glycerol to a concentration of 60 % was added to stabilise the lipase. Table II 
shows that the enzyme which destroys the tumour viruses is in this fraction of 
the pancreatin. In order to determine whether lipase was the enzyme responsible 
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Table 11. Effect of second fraction of pancreatin on tumour production. 

Activity of enzyme preparation 


Tumour 

( 

Caseinogen 

cc. 

CMoro- 

acetyl- 

tyrosine 

cc. 



Olive oil 
( +CaCl2) 
cc. 

Cone, of 
enzvme 
by 

volume 

o/ 

/o 

Fiijinami 

0-8 

0*55 

3-9 

50 

Fujinami 

0*8 

0-55 

3-9 

50 

Fujinami 

0-8 

0-55 

3-9 

50 

Eons 

0*85 

0-3 

0*5 

50 

Eons 

0-85 

0-3 

0-5 

50 

Eons 

0-85 

0-3 

0-5 

50 

Eons 

0-85 

0-3 

0-5 

50 

Fujinami 

None 

None 

0-5 

50 

Fujinami 

None 

None 

0*5 

66 

Fujinami 

None 

None 

0-5 

75 

Fujinami 

None 

None 

0-5 

50 

Fujinami 

None 

None 

0-5 

66 

Fujinami 

None 

None 

0-5 

75 


bird Control Enzyme Tumour cc. cc. cc. " 9/ 

5$^ Fiijinami 0-8 0-55 3-9 50 

Eujinami 0*8 0-55 3-9 50 

Eujinami 0-8 0-55 3-9 50 

i 0-3 0*5 50 

0-85 0-3 o-s so 

0-85 0-3 0-5 50 

0-85 0-3 0-5 50 

h' Eiijmami None None 0-5 50 

-pa Eujinami None None 0*5 66 

W Eujinami None None 0-5 75 

Eujinami None None 0-5 50 

^ Enjinaini None None 0-5 66 

AA.A — Eujinami None None 0-5 75 

for inactivation, the effect of calcium on the action of pancreatin was investi- 
gated. The hydrolysis of olive oil by pancreatin was increased about five times 
bj/ the addition of calciiiin chloride, but the concentration of pancreatin required 
just to inactivate a given tumour filtrate was not affected by the addition of this 
salt. This seemed to point to some other enzjnne than lipase as the iiiacti^^ator 
of the viruses. A further test of the action of lipase was made 5 vith pancreatic 
juice. Pancreatic juice collected from the duct contains active lipase but very 
little active protease before treatment with enterokinase. A sample was 
obtained from a dog and its action on the tumour viruses determined in t.he 
usual^ way. hleither before nor after activation with enterokinase was aii}^ 
inhibition obtained. The concentration of protease, carboxypeptidase and lipase 
m the activated pancreatic j nice, ^ however, was as great as in the 5 % pancreatin 
extracts which regularly inactivated the viruses. It is probaljle that the 
inactivating' enzyme is contained in too low a concentration in freshly collected 
pancreatic juice to be demonstrable using the very active pulp and sand filtrates 
of the tumours. The experimental results obtained seem definitely against the 
Yiew that the protease, carboxypeptidase or lipase in pancreatin is responsible 
for the destruction of the tumour viruses. 

Ill a further study of the inactivating enzyme it w^as found that it rapidly 
disappeared from pancreatin extracts kept at 0°. The extracts were usually 
inactive after i days in the ice- chest. The addition of enterokinase does not 
restore the inactivating power. The proteolytic enzymes in extracts of pancreas 
are known to be stable whereas Willstatter and Waldschmidt-Leitz [1923] found 
that pancreatic lipase is unstable in solutions. This w^as confirmed with the 
pancreatin extracts used in this work. In view of the parallelism between the 
loss of inhibiting power ^ and loss of lipase activity of the extracts it would be 
tempting to consider lipase as the inactivating enzj^me, but the fact that 
pancreatic juice, which contains an active lipase, fails to destroy tumour- 
producing power is irreconcilable with this idea. It seems that an unknown 
enzyme is responsible for the destruction of the tumour viruses. 

From these results one cannot decide whether the nitrogen remaining in the 
purest obtainable preparations of the tumour viruses is a constituent of the 
virus or not. It is possible that virus protein is resistant to the action of protease 
and carboxypeptidase, or the enzjmie present in pancreatin extracts which 
destroys them may be a proteolytic enzyme of a different type* 
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Summary. 

The inactivating effect of preparations of dried pancreas on the agents of the 
Rous and Pujuiami tumours has been investigated. A separation of the inacti- 
vatmg enzyme has been attempted but its identity has not been established It 
is adsorbed by alumina B at 4-0 together with lipase but it does not seem to 
be lipase. The protease and carboxypeptidase which are present in dried 
pancreas preparations are also inert. The mactivating enzyme is unstable at 
0° in glycerol solutions. 

I wish to thank the Medical Research Council for a personal grant and 

Dr Gye and Mrs B. E. Holmes for help in the investigation. 
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CCLX. GROWTH OF BLOW-FLY LARVAE 
ON BLOOD AND SERUM. 

I. RESPONSE OF ASEPTIC LARVAE TO VITAMIN B. 


By RALPH PERCIVAL HOBSON. 

From the Department of Entomology^ London School of Hygiene 
and Tropical Medicine. 

{Received November 2nd, 1933.) I 

The experiments of Weinland [1906] upon blow-fly larvae are frequently quoted 
as the classical example of the sjmthesis of fat from protein. His work, however, 
is open to criticism as the anai3dieal methods used are no longer considered 
reliable and the part pla^^ed hj bacteria was not determined. The present in- 
vestigation arose out of an attempt to repeat Weinland’s experiments with 
larvae reared aseptically on sterile blood. This diet proved inadequate for 
normal growth, being deficient in accessory food factors which can be supplied 
by yeast. The present paper deals with the response of blow-fly larvae to these 
growth factors. The species used was Liicilia sericata Meig., the Sheep Maggot 
Fly. These flies sometimes lay their eggs in the wool of live sheep, the larvae 
producing extensive sores on the skin. According to recent work in Australia 
[Mackerras and Frene^^, 1933], when maggots develop on sheep they feed at 
first on a serous exudate from the skin and later on blood. The nutritional 
value of serum and blood is therefore important in relation to the sheep blow-fly 
problem. Furthermore, blood is the diet of many insects which transmit diseases 
of man and animals. 

The literature on the vitamin requirements of insects has been review^ed by 
Uvarov [1928] and Imms [1931] and wdll not be considered in detail here. 
Several workers have claimed that insects require ^"vitamin B,” on the grounds 
that the addition of crude yeast preparations to deficient diets improves growth. 
Since “vitamin B ’’ is now known to be a complex of several substances, evidence 
of this type does not justify the assumption that insects require the same water- 
soluble vitamins as higher animals. Sweetman and Palmer [1928] appear to 
be the only workers wdio have tested vitamin concentrates with insects; 
they reared flour beetles on a synthetic diet and found that brevier’s yeast 
retained part of its activity after fractionation by the method of Levene and 
van der Hoeven; they concluded that the beetle’s vitamin requirements are 
plural and in part identical with vitamin B^. With regard to the vitamin re- 
quhements of blow-fly larvae, the present author found sterile muscle to be 
deficient in a growth factor which is present in yeast extract [Hobson, 1932, 2] ; 
bacterial synthesis normall}^ supplies this factor. The active substance was found 
to be heat-stable and it was suggested that it was not identical with vitamin B|_ 
or Eg . Experiments with muscle sterilised at a high temperature showed that 
the larvae also requhe a heat-labile substance present in yeast extract. 

The results of the feeding experiments wdth blood have confirmed the com- 
posite nature of the vitamin requirements of blow-flj?' larvae. For normal growth 
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to occur under asepsis with this diet, at least three growth factors must be 
added: a substance absent from aqueous or alcoholic extracts of yeast, but 
present in a soluble form in yeast autolysate ; a heat-labile factor which can be 
supplied by Peters’s antmeuritic concentrate; heat-stable substances present 
ill autoclaved yeast extract. 

Expebimeisttal. 

Since certain micro-organisms synthesise the growth factors under examina- 
tion, all the experiments were carried out aseptically. The method employed 
for sterilising blow-fly eggs has already been described [Hobson, 1932, 1]. 
Sterile horse-blood (Allen and Hanbury) was used; for each test 0-6 cc. of blood 
was diluted with 0*5 cc. of the test solution and absorbed on muslin bandage 
in a plugged test-tube. All the solutions and apparatus used were previously 
sterilised and the mixtures prepared with aseptic precautions. In order to 
coagulate the blood and ensure sterility, the tubes w^ere then heated . for 
30 minutes at about 75° on 2 successive days. Three sterilised eggs were placed 
in each tube and the larvae reared in a moist incubator at 23-24°. In each 
experiment, a series of 12 to 20 tubes was run together, all the eggs being 
obtained from a cluster laid by one female. 

Eig, 1 illustrates the effect of a deficient diet upon larval growth; these 
results were obtained with larvae reared without aseptic precautions upon blood 
absorbed on cotton-wool. With blood supplemented with an aqueous yeast 
extract (curve A) or marmite (curve B), normal growth occurs. It may be noted 
that the relative growth rate is greatest in the first 48 hours, during which the 
weight increases about 100 times (0-05 to 5 mg.); the larvae attain a mean 
weight of 50 mg. in 4 days, after which little or no further increase occurs. 
On blood alone (curve C) growth is nearly normal during the first 2 days; subse- 
quently the larvae develop slowly though they will in time reach full size. In the 
aseptic experiments the larvae were usually weighed on the 4tii day, when the 
maximum difference occurs; growth curves were obtained by weighing larvae 
from separate tubes at intervals. Sterility was checked inoculating nutrient 
media from the food residues. 



Pis. 1. 



Pig. 2. 


Fig. 1. of unsterilised larvae on Hood. A, + yeast extract; B, + marmite ; C, alone. 

and yeast extract. A, blood + marmite; B, blood + 
} ast extract, C, blood alone. Each point was determined with a separate culture. 
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Response to a groivtli factor present in yeast autolysate, 

Wlieii larvae were reared aseptically on blood alone, they completely failed 
to grow and w^eiglied less than 1 mg. after 4 days. Tests were then made with 
blood admixed with aqueous yeast extract, fat and marmite. Yeast extract 
produced only a slight improvement in growth and no material difference was 
found when various fats including cod-liver oil were also given. On the other 
hand, larvae receiving marmite grew at almost the normal rate. Since noii- 
sterile larvae develop readily upon a mixture of blood and yeast extract, it was 
concluded that blood is deficient in an essential growth factor which is present 
in marmite and is sunthesised by micro-organisms ; for convenience this will be 
referred to as the marmite factor. For studying the properties of this substance, 
the following basal diet was used: 

Diet A, 6 cc. blood. 

1 cc. concentrated aqueous extract of .yeast (1 cc. = 3g. 
fresh D.C.L. yeast). 

0*7 cc. of this mixture was added to 0*4 cc. of the test solution. 

Fig. 2 shows the growth of aseptic larvae on blood and the effect of adding 
yeast extract and marmite. The fact that larvae continue to grow slowly upon 
the basal diet (curve B) suggests that traces of the marmite factor are present; 
this is not supplied by the yeast extract since increasing the amount has no 
effect (Table I). Horse-blood probably contains a small amount of the active 
substance since larvae grow better on serum than on whole blood wiieii an excess 
of yeast extract is supplied ; with serum the mean weight of 4- day old larvae 
varied in different experiments from 20 to 30 mg. and with blood from 6 to 
14 mg. If the substance is contained in the plasma, removal of the corpuscles 
would more than double the ratio of active substance to protein. 

Table I gives the results obtained with various substances and extracts. 

Table I. The effect of various substances on the groivth of aseptic larvae 
on a mixture of blood and aqueous yeast extract {diet A). 



Amount expressed 
as % of fresh 

Increase in mean 


material (or its 

weight (mg.) over 


equivalent) on 

negative controls 

Substance tested 

volume of blood 

after 4 days’ grov'tii 

Yeast autob^sate 

=30 

46, 40 

a 

=20 

29, 32 


( =4o 

44 

Ditto, autoclaved 4 hours 

=30 

28 


1=15 

16 

Acjiieous extract of yeast 

=50 

2, 0, - 1 

70 % alcoholic extract of yeast 

=50 

2, 1 

Aqueous extract of egg-white 

=50 

-1, -2 

Alcoholic extract of wheat-germ 

=20 

0, -2 

Ac|ueous extract of beef muscle 

=40 

2, 1 

Commercial meat extract, Bovril 

■ 15 

— o 

„ 2 


5 

0 

90 % alcohol- soluble fraction from 
peptic digest of beef 

Pepsin 

=50 

37, 33 

7 

14, 12 


3-5 

6, 5 

Trypsin 

7 

30, 33 

Yeast nucleic acid 

0-3 

0, -2 

Glycerol 

1 

-3, -4 

Ether-soluble fraction of marmite 

=30 

2, 1 

Olive oil 

5 

5, 3 



I 


I 


i 


'i 



1902 


R. R HOBSON 



( Both muscle and yeast contain tlie marmite factor, but all attempts to obtain 

active extracts without digestion failed. Extracts prepared by boiling yeast 
with 0*1 % acetic acid, 70 % alcohol, 50 % alcohol and 50 % alcohol containing 
1 % of strong h^T-drochloric acid proved inactive, ilqiieoiis extracts of yeast 
■which had been allowed to stand 3 days at about 20° appeared to be slightly 
active but the differences were scarcely significant; Peters’s antineuritic con- 
centrate had no effect in large doses. Active extracts were obtained by mixing 
I , yeast -with half its weight of water and incubating for 8 days at 35° in the 

presence of toluene, the mixture being then boiled for 3 minutes and filtered. 
The presence of the marmite factor in muscle was inferred, since aseptic larvae 
grow readily on sterile muscle supplemented with aqueous yeast extract [Hobson, 
1932, 2]. Successive extraction of cod-muscle with water, 50 % alcohol and 
90 % alcohol failed to dissolve the substance, but an active preparation was 
obtained from beef muscle by the followmg method. Muscle was digested with 
pepsin solution for 10 days, the mixture filtered and the filtrate concentrated 
and poured into 4 volumes of 98 % alcohol. The alcohol-soluble fraction con- 
tained the active substance; control tests showed that the activity was not 
supplied by the pepsin. 

I ! ■' Stabilitij to heat. Experiments with alkalised marmite gave unsatisfactory 

results which could not readily be interpreted; alkahne autoclaving appears to 
produce substances which are either toxic or repugnant to the larvae. The 
marmite factor is stable to heat in weakly acid solution since extracts of auto- 
lysed yeast remained active after 4 hours’ autoclaving (22 lbs.; pjj ca. 6*0). 

Fractionation from marmite. An attempt was made to concentrate the active 
substance' from marmite, the mam object being to obtain preparations free 
from other growth factors required by the larvae. The method finally adopted 
was fractionation with alcohol and ether; by this means, although considerable 
loss of activity occurred, concentrates were obtained rich in the marmite factor 
but deficient in heat-stable substances essential for larval growth. The procedure 
varied slightly in different experiments, but the general method was as follows. 
An alcoholic extract was prepared by stirring 100 g. of marmite into a paste 
with 20 cc. of water and adding sufficient 98 % alcohol to make the concen- 
tration of alcohol 70 %, the precipitate being filtered and washed with a small 
volume of 70 % alcohol. The filtrate was evaporated in vacuo to dryness and 
extracted with 200 cc. of hot 88 % alcohol. This extract, which contained most 
of the original activity, was treated with half its volume of ether and the pre- 
cipitate filtered off; the filtrate proved inactive. The ether precipitate was then 

! extracted successively with 50 cc. of hot 98 and 90 % alcohol; both these 

extracts and the residue were active. 

Table II shows the results of some of the feeding experiments. With crude 
marmite, normal growth (a mean weight of 40 mg. after 4 days) occurred with 
10 % in the diet, but not with 7*5 % (percentage based on the volume of blood). 
90% alcoholic extracts, prepared by pouring 50% marmite solution into 10 
volumes of 98 % alcohol, appeared to be slightly more effective than the original 
product; normal growth occurred with an amount corresponding to 7*5 % of 
marmite. The most concentrated preparation was that obtained by extraction 
of the ether precipitate with 90 % alcohol, the amount of organic matter in 
the minimum active dose being approximately 0*3 % of the volume of blood, 
or 1*5 % of the dry weight; this fraction contained about 30 % of the original 
: .activity. 

Attempts were also made to concentrate the active substance by precipi- 
tation and by adsorption on norite charcoal. After precipitation with normal 
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Table II, The effect of marmite fractions on the growth of 
aseptic larvae on diet A. 


Substance 

Controls 

Marmite 


Marmite M 

equivalent 

as % on f — 

blood volume Series 1 


Mean weight of 4 -day old larvj 



Crude 90 % alcoholic 
extract 


90-98 % alcohol- 
soluble fraction 


lead acetate, both precipitate and filtrate were active but considerable loss of 
activity occurred. Adsorption with norite charcoal removed the active sub- 
stance from extracts prepared by fractionation with alcohol, but the activity 
could not be recovered in appreciable amount by extracting the charcoal with 
iV/10 hydrochloric acid or acid alcohol of different concentrations. 

Nature of the marmite factor. The active substance in marmite is readily 
soluble in water, sparingly soluble in 90 % alcohol and insoluble in ether. It is 
not therefore a fat-soluble growth factor. Since active extracts could not be 
prepared from muscle and yeast without digestion, the substance is either a 
product of digestion, such as an amino-acid, or a soluble compound which is 
adsorbed by proteins or other substances that are broken down during digestion. 
It seems unlilmly that the substance is an amino-acid since the proteins of blood 
and muscle do not appear to differ appreciably in their content of essential 
amino-acids; also, on a diet almost devoid of fat and carbohydrate, only a 
small part of the amino-acids would be utilised for protein s^mthesis and protein 
quality is accordingly less important. The insolubility of the substance in yeast 
differentiates it from most members of the vitamin B complex. However, Hunt 
[1928] obtained evidence that an insoluble substance in yeast stimulates the 
growth of rats. Williams and Lewis [1930] concluded that for optimum growth 
rats require a substance which is present in yeast residues after extraction and 
may be identical with Hunt’s factor. According to Williams and Lewis, the 
active substance is heat-stable and insoluble in water and alcohol; in these 
respects it resembles the insoluble” growth factor required by blow-fly larvae. 

Response to Peters’s antineuritic concentrate. 

Tests with autoclaved yeast have shown that blow-fly larvae require a heat- 
labile growdh factor which is probably identical with vitamin It may be 
noted that Hoagland [1923] found ox-blood deficient in vitamin Aseptic 
larvae were found to grow^ readily on horse-blood admixed with an aqueous 
extract of autolysed yeast, but wdth an autoclaved extract no growth occurred 
after the second day when the larvae had reached only 2 % of the maximum 
w^eight; normal growth was restored by supplementing this diet wdth aqueous 
yeast extract, alcoholic extract of wheat germ or Peters’s antineuritic concentrate. - 


i ;'i , 1 
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The basal diet used was prepared as follows: 

Diet B. 10 cc. liorse-blood. 

5 cc. autoelayed yeast autolysate (Icc. =0*9g. fresh 
D.C.L. yeast). 

0*9 cc. of this mixture was diluted with 0*2 cc. of the test solution. The aiito- 
l3rsate was prepared as described on p. 1902 and autoelayed 4 hours at 22 lbs. 
pressure. Fig. 3 shows the growdh of aseptic larvae on the basal diet and the 
effect of adding antineuritic concentrate; the growth rate of larvae receivmg 
antineiiritic concentrate was normal and approximate!}^ the same as that of 
larvae reared on meat without aseptic precautions. 



-Fig. 3. 


Fig. 4. 


Fig. 3. Eesponse of aseptic larvae to Peters’s antineuritic concentrate. Full line, larvae receiving 
concentrate; broken Hne, controls. Eacli point was determined with a separate culture. 

Fig. 4. Relationship between growth -promoting effect and antineuritic potency of vitamin Bj 
concentrates. Full line, preparation A, pigeon dose activity ca, 3 mg.; broken line, pre- 
paration B, pigeon dose activity ca. 2-5 y. 


Owing to the kindness of Prof. Peters in supplying tested concentrates of 
different purity, it w^as possible to apply a critical test as to the identity of the 
heat-labile larval growth factor and vitamin . Two specimens of antineuritic 
concentrate were compared for their ability to promote larval growth ; prepara- 
tion A was an acid-alcohol extract having a pigeon dose activity of approxi- 
mately 3 mg.; B was a purer preparation wiiose activity was approximately^ 
2*5 y. The results, given in Table III and Fig. 4, show that the growth -promoting 


Table III. The response of aseptic larvae to Peterses antineuritic 
concentrate (basal diet B). 


Mean weight of 4 -day old larvae 


Number of pigeon 

f' 


-V 


^ 

doses added to 

Series 1 


2 


3 

0*6 cc. blood 


A 



^ 



Type of preparation A 


B 

B 

0-08 

46 

— 


— 

45 

0-06 

44 

50 


42 

38 

0-05 

— 

— 


— 

40 

0'04 

39 

37 


29 

24 

0-02 

27 

16 


10 

— 

0-01 

5 

9 


5 

— 


0 1 


1-0 


1 


BLOW^FLY LARVAE AND VITAMIN B 


1905 


effect of these concentrates closely followed their antineuritic activity. The 
amounts required to produce 4-day old larvae weighing 40 mg., when added to 
0*6 cc. of blood, were approximately 0-04 to 0*05 pigeon doses of the relatively 
crude preparation A and 0*05 to 0*06 pigeon doses of the purer material. This 
agreement is surprisingly good in view of the wide difference in the nature of 
the biological tests involved and in the purity of the material, preparation B 
being about 1000 times more concentrated than A. 

Kamiersley et al. [1933], discussing the purity of their crystalline preparations 
of vitamin , suggest that the pigeon dose activity of the vitamin itself may 
be less than l*0y. The qualitative evidence that blow-fly larvae respond to a 
preparation of 2*5y activity does not therefore prove that the effective sub- 
stance is vitamin and not an associated impurity having similar chemical 
properties. However, the quantitative relationship observed with concentrates 
of different purity appears to eliminate the latter possibility, since it is unlikely 
that an impurity would follow the vitamin quantitatively through a process of 
fractionation which concentrates the activity a thousandfold. It is therefore 
concluded that the heat-labile growth factor required by blow-fly larvae is 
identical with vitamin . 


Sf 111 




Mesponse to heat-stable growth factors. 

In addition to the marmite factor and antineuritic concentrate, blow-fly 
larvae also require heat-stable substances present in aqueous yeast extract but 
deficient in blood. For studying these growth factors, larvae were reared on 
blood mixed with antineuritic concentrate and a marmite extract prepared by 
? fractionation with alcohol, the amounts of each being in excess of that required 

for optimum growth. The method of preparing the marmite concentrate was 
briefly as follows. An alcoholic extract was made hy precipitating a suspension 
of marmite in water with 10 volumes of 98 % alcohol; this was treated with 
half its volume of ether and the precipitate extracted successively with 98 and 
90 % alcohol. Tests on these extracts when mixed with blood and antineuritic 
concentrate showed that each produced equally poor growth; the larvae de- 
veloped normally if autoclaved yeast extract was added to the diet. The basal 
diet adopted was prepared as follows : 

Diet G. 6 cc. blood. 

0*5 cc. 90-98% alcohol-soluble fraction of marmite (lcc. = 5g. 
marmite). 

0*5 cc. Peters’s antineuritic concentrate (1 cc. = 2 pigeon doses). 

0*7 cc. of this mixture was diluted with 0*4 cc. of the test solution. Since larvae 
grew readily on this diet when infected with a bacillus isolated from blown meat, 
it was assumed that the food was not deficient in iiiineral salts. However, later 
experiments showed that yeast ash stimulates the growth of larvae in the 
presence of bacteria, the effective ion being phosphate. Further aseptic tests 
I were therefore carried out to determine whether the results obtained with yeast 

I extract were due to phosphate. The following extracts were used in these 

experiments. 

Autoclaved yeast extract. Yeast was extracted hy boiling with water and the 
extract autoclaved 4 hours at 22 lbs. pressure. 

Alkalised yeast extract. An aqueous extract was treated with a strong solu- 
tion of NaOH until the was approximately 10*6 and autoclaved 4 hours at 
22 lbs. pressure ; the solution was then made faintly acid. 

Biochem. 1933 xxvii 120 



1906 


R. R HOBSON 




Egg-white extract. An aqueous extract of egg- white was prepared by the 
method described by Chick, Copping and Roscoe [1930]; the sulphuric acid 
used to acidify the egg-white was removed by adding barium chloride solution 
until oiity traces of sulphate remamed in solution. 

Tests were made with these preparations to determine whether the deficient 
substance was vitamin or an extremely heat-stable substance which stiniii- 
lates the growth of Liicilia larvae on sterile muscle {Hobson, 1932, 2]. Egg- 
white is rich in vitamin according to Chick and Copping [1930] this vitamin 
is destro3^ed in aqueous ^^^east extract by 4 hours’ autoclaving at pg- 10-6. The 
larval growth factor deficient in muscle resisted 3 hours’ autoclaving at 9-0 in 
yeast extract. 

Table IV. Growth of aseptic larvae on diet C, 

Amounts refer to the equivalent fresh weight of material extracted. 


Mean weight of 4-day old larvae (mg.) 


Substance added 

Series 

1 

2 

3 

4 

5 

Controls 


12-5 

11-5, 13 

8, 10-5 

10, 13 

12-5, 13-5 

Autoclaved yeast extract 

10% 

39*5 

40, 42-5 

39, 44 


Alkalised yeast extract 

15 % 

— 

24-5, 26-5 

27, 31 

31, 32-5 

27, 29*5 

Bo. 

30% 

27 

21-5, 23 







Alkalised yeast extract + 
egg-wliite extract 

15 %[ 

25 %f 

34 

31, 34 

28, 30 


— 

Egg-white extract 

25 % 

10 

11-5, 14*5 

10, 13 





Bo. 

50 % 

— 

11*5, 12-5 







Sodium phosphate 

0*5% 

— 

— 



14, 15 

10, 12-5 

Infected with a bacillus 



43, 47 





isolated from larvae 








Preliminary tests with the egg-white and alkalised ^^^east extracts showed 
that both were toxic in large amount ; either extract when given alone depressed 
growth, but the addition of both produced a slight improvement over the 
negative controls. The toxic effect of the all^alised 3^east extract was largely 
removed b};' concentrating and pouring into 9 volumes of 98 % alcohol; the 
precipitate proved more effective and was used in all the experiments described. 
Table IV shows that this extract improved growth but could not entirely 
replace autoclaved yeast extract ; doubling the amount of alkalised yeast extract 
had no further effect. The negative results obtained with sodium phosphate 
show that the active substance is not phosphate. Egg-w^hite extract given alone 
had no effect, but appeared to improve the growth of larvae receiving alkalised 


•Table V' . Growth of aseptic larvae on diet 0, supplemented 
with alkalised yeast extract, 

i-3 ce. serum w’ere taken as equivalent to 0*6 cc. blood. 


Substance added 

Series 1 

Controls 


30, 33 

Unsterilised eggs 


— 

Egg-wliite extract 

15% 

29, 35 


30% 

27, 28 


45 % 

39, 44 


75% 

__ 

Autoclaved yeast extract 

10% 

40, 42 


Mean weight of 4-day old larvae (mg.) 

r— , 

Blood Serum 


2 3 4 

23,24 1-3, 1*7 1-5, 1-5 

37, 39 33, 42 

31, 32 — — 

32, 37 1-5, 2*5 1-5, 2-0 

26, 29 

38, 39-5 



44, 48 


42, 43 
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yeast extract (Tables IV and V) ; however, the differences observed were small 
and could not always be repeated. This may have been due to the presence of 
toxic or repugnant substances, since the addition of egg-white exteact to an 
adequate diet depressed the growth rate ; also the basal diet contained sufBeient 
of the factors concerned to produce fair growth. 

Experiments were also carried out with horse-serum; 1'3 ee. of serum were 
supplied in each tube in place of 0‘6 cc. of whole blood. When larvae were 
reared aseptically on diet C prepared with serum, very slow growth resulted; 
the addition of autoclaved yeast extract produced normal development, whereas 
alkahsed yeast and egg-wliite extract, given either alone or together, had no 
effect. Table V shows the results obtained with serum, the basal diet used being 
diet C supplemented with alkahsed yeast extract. Since larvae developed 
readily on this diet in the presence of bacteria, the slow growth found under 
asepsis is due to lack of an organic substance; this factor appears to be present 
in blood corpuscles since aseptic larvae grow well on this diet when it is prepared 
with whole blood. 

These experiments show that blow-fly larvae require more tb^^n one heat- 
stable growth factor. The results obtained with blood (Table IV) suggest that 
the effect of autoclaved yeast extract is due to two substances, one extremely 
stable to heat and ^ali, the other sensitive to alkali under the conditions used. 
The first substance is probably the heat-stable factor which stimulates the growth 
of aseptic larvae on muscle and which resembles in some respects factor “Y” 
[Hobson, 1932, 2J, The second substance, which is stable to autoclaving in acid 
medium, appears to be present in blood, but the amount is not sufficient for 
optimum growth; since there was some evidence that egg-white extract supplies 
tffis factor, it may be vitamin B 2 - Ivollath [1930] showed the presence of this 
vitamin in samples of alkaline haematin prepared from horse-blood. KoUath’s 
results supested that serum might be poorer in vitamin than whole blood, 
but aseptic larvae, although they failed to grow, did not r^pond to egg-white 
extract when reared on a basal diet prepared with serum. However, the marked 
effect of substituting serum for blood in this diet (Table V) shows clearly that 
the larvae require a heat-stable factor which is present in the corpuscles and is 
not supplied by the alkahsed yeast extract. 


Discussion. 

The results obtained wffih sterile blood show that blow-fly larvae resemble 
highei animals in their vitamin B ” requirements. Thus, the effect of yeast is 
due to several substances, and normal growth only occurs if each is present in 
adequate amount. Also, the experiments with Peters’s antineuritic concentrate 
indicate that one of the larval growth factors is identical with vitamin B^. The 
other growth factors are probably analogous to members of the vitamin B 
complex and they may also be identical with vitamins required by hio-her 
animals. The chief effect of “vitamin B” deficiency in blow-fly larvae *vas 
retarded growth; no evidence was obtained of loss of weight, nor were 
there any obvious pathological symptoms except that the larvae tended to 
wander away from the food. “Vitamin B” appears to act as a catalyst of 
growth, accelerating a reaction which proceeds in its absence at an infinitelv 
slow rate. ^ 

It 'is of interest to note that Wigglesworth [1929] and also Aschner [1931] 
have suggested on theoretical grounds that blood is deficient in accessory food 
factors required by insects; this hypothesis was advanced to explain the role 
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of the symbiotic microorganisms present in insects which feed solely on blood 
tliroiigliont their wrhole life cycle. In most of these insects the alimentary tract 
is sterile, the symbionts being located in special organs. Aschner and Ries 
[1933] have recently showm that the symbionts in lice are essential for their 
host; exthpation of the '‘stomach-plates’' (Mageiischeibe), which harbour the 
symbionts, produced sexual sterility and shorter life in adult females, these 
effects not occurring if the operation was delayed until the symbionts had 
escaped from the plates. The present experiments have shown that blow-fly 
larvae fail to develop on blood unless "vitamin B” is added or living bacteria 
are present ; they therefore help to confirm the hypothesis that the function of 
the symbionts in blood-sucking insects is vitamin synthesis. 

The effect of yeast on growth is less pronounced when blow-fly larvae are 
reared on blood without aseptic precautions, and under certain conditions 
growth is approximately normal; further experiments are being carried out 
upon the effect of bacteria on larval growth. 


SUMMAEY. 

1. Blow-fly larvae are unable to develop aseptically on sterile blood owing 
to lack of growth factors of the vitamin B type; the presence of bacteria 
improves growth. 

2. Aseptic larvae grow at the normal rate on Mood supplemented with 
yeast autolysate. The effect of ^^-east is due to an. "insoluble” substance 
and to soluble factors which can be further differentiated by their stability 
to heat. 

3. The "insoluble” growth factor is present in muscle and yeast and is not 
extracted by water or alcohol; in autolysed 5 ^east, it is soluble in water, sparing^ 
soluble in alcohol and insoluble in ether. 

4. Peters’s antineuritic concentrate supplies an essential heat-labile factor; 
since concentrates of different purity showed a correlation between growth- 
promoting effect and antineuritic potency, it is concluded that the active sub- 
stance is vitamin B^ . 

5. Blow-fly larvae also require at least two heat-stable growdh factors, 
which are present in autoclaved yeast extract. 

6. These results support the hypothesis that vitamin s^mthesis may be the 
function of the symbiotic micro-organisms present in blood-sucking insects. 

I wish to record my thanks to Prof. P. A. Buxton for extending to me the 
facilities of the Entomological Department. My appreciations are also due to 
Prof. B. A. Peters for supplying tested samples of antineuritic concentrate and 
to Dr V. B. Wigglesworth for his active interest and helpful advice. I am 
indebted to the Agricultural Research Council for a grant wdiicli entirely financed 
this work. 
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CCLXL STUDIES IN A¥IAN CARBOHYDRATE 
METABOLISM. 


FURTHER STUDIES UPON THE ACTION OF 
CATATORULIN IN BRAIN. 

By RUDOLPH ALBERT PETERS 
AND HUGH MACDONALD SINCLAIR i. 

From the Department of Biochemistry^ Oxford. 

{Received October 24th ^ 19 S3.) 

This work originated in an attempt to obtain a stable dry enzyme preparation, 
which would interact specifically with vitamin B^ crystals [Kimiersley, O’Brien 
and Peters, 1933]. Though this object has not been attained, the research has 
brought to light facts of fundamental interest not only for the vitamin function, 
but for the respiration of the normal brain itself [Peters and Sinclair, 1933]! 
It . has made clear the necessity of pyrophosphate as such in the respiratory 
energy system of brain., which could not be so clearly distinguished ■without the 
avitaminoiis animal. 

Former researches can be summarised [Gavrilescu et al, 1932; MeiMeJohn 
et al., 1932] by saying that the typical effect of the vitamin is to increase oxygen 
uptake over a given period in vitro specifically "with the avitaminoiis brain 
this is shown in glucose and best in lactate which is known to he formed from 
glucose. Resphation with succinate behaves normally in the avitaminoiis brain. 
This seems to relate the action specifically to lactate. The simple view however 
that catatoriilin^ is the co-enzyme for lactate oxidation is not now tenable for 
two reasons. Boyland [1933] has found no co-enzyme effect in purified vitamin B|_ 
concentrates, prepared in^ this laboratory^. More significant still, Meildejohn 
[1933] could obtain no evidence of an increased disa-ppearance of lactate corre- 
sponding with the extra oxygen uptake. Hence a new hypothesis arose, namely 
that the effect of catatorulin was related to some other substrate, which may 
he called substrate X, for the full action of which upon the respiratory system 
the presence of lactate was indispensable. We soon found that washing the 
tissue reduced the oxygen uptake and lowered the vitamin effect. 

It is well to emphasise that the lesion cannot lie in the cytochrome respiratory 
enzyme system. Lactate respiration is of course reduced by cyanide, but the 
catatorulin effect is completely removed. About 70 % of the O 2 uptake is 
sensitive to Jf/60 and Jf/600 KCN in confirmation of Dixon and Elliott [1929]. 
Exps. 1, Table and 2, Fig. 1, show this, and that Jf/600 KCN abolishes the 
catatorulin action. Hence this lies definitely in the part of the respiration which 
is cyanide-sensitive. 

^ Senior Demy, Magdalen College. 

^ No other tissue is yet known which shows this effect. 

Catatorulin is the substance in vitamin crystals responsible for increased oxygen uptake. 

This is fully confirmed by earlier unpublished experiments by Peters. 
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Table I, Cyanide and catatorulin action. 


Period 

1st hour 

2nd hour 

L* only 

1130 

680 

L+V “ 

L+KCN (if/ 60 ) 

1330 

400 

Av. of triplicates 

L+Y+KCN (if / 60 ) 

380 

200 

* In all Tables L= lactate; 

V = vitamin Bj 

concentrate. 



Eig. 1. (Exp. 2.) Effect of KCN and of different upon the catatorulin effect in mixed a.vitamiiioiis 

A,E,Faiid.Q 7*3 ; B, G and D 6-8. Curve A, lactate (0-033 M) vitamin 
(ly/3cc.); lactate (0*2y/3 cc.); G, lactate; D, lactate -fi?, (ly/3cc.); E, lactate 
(calculated from A); F, lactate + KCH (i¥/600); G, lactate +5^ (ly/3 cc.) -f-KCN. 

Since the 'Vitamin” effect tended to disappear upon removal of diffusible 
substances by washing, we turned again to a more careful study of conditions 
essential for catatorulin action and of tlie factors concerned in the maintenance 
of respiration in the minced tissue^. This has revealed a sjT'stern of greater 
complexity than at first realised; but it has also led to knowledge of some 
substrates which will improve oxygen uptake and so bring the respiration of 
the ^ minced avian brain more into line with that of sections from inanimalian 
brain as described by others. 

The increased respiration, when vitamin is added in vitro to the avi- 
taminous brain in lactate, might possibly be interpreted as a decreased rate of 
fall in oxygen uptake. Without added lactate, Gavrilescu et at, [1932] showed 

^ We prefer the term “respiration,” because we feel convinced that it is more correct to 
consider the minced brain tissue as an organised system than an enzyme mixture. 
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that tile eatatoriiliii effect was present, but reduced in amount; this must be 
due to the low residual lactate content and shows that lactate is essential for 
the system. 

The effect of hnown substrates in presence of lactate. 

It is clear about the postulated substrate X, with which catatoriilin interacts, 
that lactate is also necessary, and that it is not a substrate competing with 
lactate. It may arise from a precursor in the tissue ; in some experiments for 
instance there is a distinct tendency for the extra respiration due to vitamin 
to increase the value (L+V) — L. The simplest interpretation of this is that 
increasing amounts of the unknown substrate are formed during the survival 
respiration. 

Pyruvate, This substrate with the normal pigeon’s brain was shown by 
Meiklejohn et al [1932] to give a larger Og uptake than lactate. Hence it 
increases rather than diminishes respiration when added to lactate with the 
normal brain; e,g, in Exp. 1 [Peters and Sinclair, 1933], p 3 nruvate and candiolin 
increase the oxygen uptake to the same extent. 

The avitaminous brain behaved differently. With pyimvate alone, the oxygen 
uptake was never as great as with lactate and sometimes not more than the 
residual Pyruvate, further, often did not interact with catatorulin. With lactate 
and avitaminous brain increased respiration always took place (the action has 
been seen in at least 300 experiments in this laboratory) ; with pyi’uvate the 
effect was variable^. Further, the pyruvate system in brain recovered more 
slowly than the lactate, so that this failure is not dii’ectly correlated with 
symptoms. These facts were explained by postulating some secondary factor 
as necessary for pyruvate respiration. 

It is essential to mention here these earlier experiments wdth pyruvate ; they 
must be taken into account when trying to elucidate the course of the normal 
oxidative synthesis of lactate. Because vitamin B| often fails to improve pyru- 
vate respiration, pyruvate alone cannot be the substrate X for which we" are 
looking. 

Three classes of respiration experiments have been tried in this search. 
(1) Addition of known substances in presence of lactate. (2) Addition of various 
extracts of brain. (3) Respiratory quotients. Only (1) is considered here^, (3) 
forms the subject of an accompanying communication [Sinclair, 1933, 2], (2) is 
not yet complete. All the experiments here recorded were made with the 
avitaminous pigeon brain. 

Phosphorus compounds, 

Tl'e have shown previously [1933] that together with lactate crude candiolin 
(hexosediphosphate), a-glycerophosphate and pjnophosphate all have a marked 
influence upon the respiration of normal bram, the last especially in inducing 
maintenance of respiration; ^-glycerophosphate proved quite inactive. 

The avitaminous brain shows general similarity with some interesting differ- 
ences which are important in trying to trace the course of the biochemical 
reactions involved in normal respiration. 

Crude candiolin and hexosediphosphate (purified). The single experiment 
Table II, suffices to show that hexosediphosphate alone may not have much 

The previous experiments with pyruvate were done with cruder preparations of vitamin . 
It is not Joiown whether this introduces any difference, 

A preliminary account of some of this work was communicated to the International Congress 
of Cytology on 22. viii. 33. 
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effect as a substrate. Tlie vitamin effect was here present, but reduced practically 
to the level of ‘'"lesidiiar’ vitamin effect. Table II, Exp. 36 (Eig. 2), shows the 
effect of crude caiidioliii and of purified hexosediphosphate prepared therefrom. 

Table II. O 2 uptake in mm.^ of avitaminous brain with various additions. 

Avitaminous brain® Purified hexosediphosphate (HP). Vitamin differences. 


Exp. 3 a. 


Period (lirs.)... 

0-4 

4-1 

14-2 




L 

L + V 

1200 

1530 

1080 

1410 

720) 

1120J 

230 

330 

400 

HP 

; . HP+v 

820 

1090 

760 

1020 

525 

820 

[ 270 

260 

295 

Exp. 36. 


Candiolin or hexosediphosphate. 



Period (hrs.).,. 

0-i' 

4~i 

I--I4 

14-2 

2-24 

21-3 

L 

1750 

1590 

1300 

1060 

885 

760 

L + V 

2050 

1855 

1550 

1370 

1240 

1155 

L + Cand. 

1790 

1615 

1390 

1210 

1010 

875 

L + V+Caiid. 

2045 

1940 

1770 

1600 

1470 

1370 

L-fHP 

1810 

1615 

1320 

1150 

1015 

890 

L + V-hHP 

2040 

1890 

1700 

1530 

1425 

1350 

Exp. 4. 


Purified hexosediphosphate. 



Period (hrs.)... 

0-4 

4-1 

1-14 

14-2 

Differences 


L 

1235 

1040 

810 

715] 

» 55 mm.® 


L + HP 

1185 

1065 

920 

770, 


L + V 

L+HP+V 

1305 

1355 

1190 

1290 

1060 

1205 

965 

1140 

j. 175 mm,.® 



For concentrations, see p. 1924. Qq^ 5 = 1000 mm.^/g./hr. 



Fig. 2. Effect of candiolin and of hexosediphosphate upon the catatomim effect^ in minced avi- 
taminons brain in lactate, 7*3. Curve A, candiolin (10 mg./3 cc.) -F vitamin (1^/3 cc.) ; 
B, hexosediphosphate (8 mg./3 cc.)+ vitamin 0, vitamin B^l hexosediphosphate; 
B, candiolin; control. 
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During the first hour no difference is shown; during the second hour there is 
a difference between preparations with candiolin and with hexosediphosphate ; 
there is a rather greater effect in the uptake where vitamin is present in addition 
to these substrates. It is beyond the experimental error, but slight. In one 
experiment, however, out of several the effect genuinely reproduced that of the 
substrate sought. It is given m detail in Table II, Exp. 4. 

In considering any work upon the avitaniinous brain, we must keep in muid 
the fact that animals cannot all be in exactly the same state of avitaminosis; 
birds ^ have alwaj^s been selected with the greatest care. If we find animals 
occasionally showing a maximum effect such as this and at other times none, 
the mterpretation is likely to be that the substrate in question in a normal 
animal is a remote precursor convertible into the one for which we are looking; 
but that the enz3one system required is temporarily more or less in abeyance 
m the avitaminous animal. This point is of importance later. We may note that 
in Exp. 4, hexosediphosphate increases the respiration mainly in presence of 
the vitamin. 

Mobism's hexosemonopJiosphate^. In two experiments (Table III, Exps. 5, 6) 
Robison’s hexosemonophosphate had no sustaining action, in collaboration with 
the vitamin. The initial effect seemed reminiscent of the normal; there was a 

Table III. Res-inration of avitaminous brain with pliospliorus compounds. 

O 2 uptake in mm.^ 



Exp. 5. 


Robison’s liexosemonopbosphate (RHP), 


Period (hrs.)... 

f-1 

1|~2 

2-2|- 


L 

1155 

770 

695 


H -|- V 

1280 

1030 

920 


L + RHP 

1165 

770 

610 


L-i-RHP+V 

1270 

1000 

870 


Exp. 6, 

Period (hrs.) ... 

0-1 

1-1 

1-1| 

l |~-2 

L 

1630 

1460 

1150 

920 

li V 

1730 

1585 

1360 

1165 

Jj -f RHP 

1755 

1490 

1160 

950 

L-fRHP+V 

1930 

1680 

1370 

1160 


Exp. 7. 

Period (brs.) , 
L 

L+V 
L + a-gp. 

L + a-gp. +V 

L+^-gp. 

L+^-gp.+V 
Exp. 8. 

Period (brs.). 
L 

L+V 

L+a-gp. 
L+a-gp. +V 
L+^-gp. 
L+^-gp.+V 


a- and ^-glycerophosphate, (a-gp. and /^-gp.) 


0-J 


1-lJ 

1|™2 

2 - 2 - 1 - 

2f-3 

1630 

1460 

1150 

920 

800 

655 

1730 

1585 

1360 

1165 

980 

890 

1970 

1815 

1490 

1260 

1110 

890 

2090 

1975 

1800 

1620 

1450 

1310 

1430 

1325 

1145 

910 



1890 

1720 

1410 

1200 

— 

— 

O-i 

i-l 

1-li 

I 4--2 

2 - 21 - 

21-3 

1310 

1190 

895 

725 

680 

560 

1530 

1425 

1245 

1150 

1045 

955 

1630 

'1520 

1270 

1090 

930 

800 

1685 

1630 

1490 

1410 

1335 

1238 

1390 

1275 

1025 

875 

755 

615 

1570 

1460 

1300 

1210 

1120 

1030 

indebted to Prof. 

R. Robison for a gift of this 

material 




CATATORULII^ AND BRAIN RESPIRATION 


1915 


sliglit early stimulation of respiration. The substrate was not studied furtlier, 
as it showed no promise of interest. 

^-GlyceropJiospJiaie, No appreciable effect was found in experiments with 
this substrate which, were well controlled by simultaneous experiments with 
a-glycerophospliate (Table III, Exps. 7, 8). 

a-GlycerophospJiate, The action of this substrate is in marked contrast to the 
others considered. It produces a large effect, amounting to some 30-40 % , 
and even more. But it is to be noticed that the action is not directly related 
to the vitamin at pg- 7*3. Even at 2-2-| hours, there is no increased catatorulin 
effect, i.e. (L + V)~-Lis approximately the same as (L-fa-gp. + V) - (L + a-gp.). 

It is therefore not peculiarly the substrate sought, but supplies the place of 
one of the missing entities in the decreased respiration of the vitamin-deficient 
brain. 

Examination of the figures (Table III, Exps. 7, 8) shows that the effect of 
a-glyceropliosphate is to raise the general level of respiration both with and 
without vitamin. There is slight increase in the differences, indicating small 
s3/iithesis of X or its precursor, but hardly above the experimental error. 

Hence with a-glycerophosphate we have a substrate which is additive with 
lactate, but which shows neither maintenance nor specific interaction with 
catatorulin. 

Na pyrophosphate. This substance is peculiarly important for the -vitamin^. 

At pg 7*3, it produces a practically steady respmation for 2-3 hours, and in so 
doing considerably enhances the vitamin action. At pg 6*6, where there is 
normally no vitamin effect, addition of p3U’ophosphate gives a vitamin effect. 

Added pyrophosphate therefore behaves as an essential constituent in a respi- 
ratory system, of which lactate and vitamin Ej are necessary components, and 
therefore foiictioiis in part as our substrate. 

In more than 10 experiments at pg 7*3, we have observed the effect of 
pyrophosphate in a greater or less degree. There is therefore no evidence of the 
failure in some cases (and not in others) as seen previously with hexosediphos- 
phate. A typical experiment is illustrated in Fig. 3. 

Eig. 4 gives the effect of different concentrations (diagram at 2 hours). If 
we use 6 mg. of the Na salt, the effect is therefore practically maximum. 

The conclusion is that lactate and free pyrophosphate in sufficient concen- 
tration are essential for the action of vitamin from this follows naturally 
the inference that the interaction of these three substances constitutes the basis 
of the catatorulin effect and is essential for normal tissue respiration. This could 
only have been learnt by a study of the avitaminoiis bird. 

Mixed substrates. Some experiments upon tbe effect of mixed substrates 
have given results rather similar to those in the normal; the additions do much 
to restore normality in the avitaminous bird. 

Table I\ shows the very large increases which may be expected by these 
additions to the avitaminous brain, pyrophosphate, vitamin and oc-glycero- 
phosphate together with lactate inducing rises of at least double and in the 
case of Exp. 11 nearly treble the respiration rate as compared with lactate 
alone. 

Adenosine triphosphate. The pycrophosphate may either function as the free 
salt, or because it assists in the resynthesis or preservation of the co-eiizynne 
^ ¥i-'e were led to this discovery by an attempt to synthesise phosphoiaetic acid by heating 
lactic acid with metaphosplioric acid. Upon neutralising on ice with 20 % NaOH, crystals 
separated, a solution of which had marked maintenance activity. The isolated barium salt subse- ■ 

qnently proved to be barium pyrophosphate. 
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Fig. 4. ^ Effect of concentration of pyropliospliate upon respiration of avitaminons 
brain in lactate, 7*3. Curve witii addition of vitamin (ly/30 cc.). 
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Table IV. Mixed substrates'^^ Avitaminoiis btnin, O 2 uptake in mm, ^ Pu ^**3. 


Period (hrs.) 

0-1 

1-1 

1-li 

l|-2 

2-2-1 

24-3 

Exp. 9. L alone 

1160 

970 

710 

730 

560 

500 

L-f-V 

1200 

1145 

1010 

880 

860 

760 

L -h pp. y- V 

1070 

1115 

1105 

980 

1030 

880 

Same + a-gp. 

1460 

1420 

1315 

1230 

1190 

1040 

Exp. 10. L + a-gp. 

1720 

1640 

1280 

1125 

815 


L + pp. 

1360 

1050 

700 

730 

820 



L-f-pp. -f V 

1640 

1360 

1300 

1260 

1290 



L-fpp. + a-gp. 

1930 

1495 

1290 

1140 

1000 



L-i-pp.H-a-gp.-l-V 

1840 

1890 

1680 

1510 

1460 

— 

Exp. 11. L 

715 

600 





L-i-pp. 

1010 

880 

750 

715 

540 



L -f V 

1030 

1020 








L H- pp. -f- \ 

1120 

1120 

1070 

1000 

860 



L + a-gp. 

1225 

1100 

1040 

930 

782 



L + pp.-f-a-gp. 

1390 

1330 

1210 

1050 

870 



L + pp. -1- a-gp, H- V 

1525 

1620 

1495 

1335 

1170 

— 


pp. = pyrophosphate. 


* It seems most probable (but lacks proof), that these are the actual missing substrates in 
the tissue itself, and that the initial varying rates of respiration in lactate alone are due to varying 
amounts of these substances in the tissue preformed perhaps during the stimulation of killing 
and subsequent manipulation. Some preliminary evidence has already been obtained in support 
of this, 

adenyl pyropliospliate [Toiimann, 1928; 1932]. We have obtained no vitamin 
or vitamiii-pyropiiospliate effect by addition of the co-enzyme up to concen- 
trations of approximately 2 mg./3*0 cc. = 0*07 % . Some earlier negative experi- 
ments with a crude preparation of our own have been confirmed with a specimen 
very kindly given to us by Dr Boyland^ (Table V, Exp. 12). 


Table V. Adenosine triphosphate {Adpi) 2 nig.JS cc. Exp, 12. 
O 2 tiptake in mm-.^ 


Period (hrs.) ... 

0-1 

i-1 

1-1| 

1|™2 

L 

1210 

890 

690 

550 

L -f Adp. 

1150 

800 

630 

480 

L + pp. 

1230 

910 

820 

650 

L-i-V 

1330 

1090 

920 

710 

L -}“ Adp. -f" V 

1510 

1090 

(925) 

715 

L -f pp. -i- V 

1380 

1180 

1090 

990 

Since increase in 

concentration of adenyl pjn-ophosphate has 

no influence 


ill presence or absence of the vitamin, it must be concluded that free pyro- 
phosphate is the essential component of our system, and that this is acting 
independently of the co-enzyme in this particular respect. 

Note. Nagai [1932] has recently studied the pyrophosphate content at death of the muscles 
of avitaminous pigeons. He found no dijSerence from normal for breast and heart muscle, but a 
15 % decrease for avitaminous leg muscle. The latter is barely significant statistically. The figures 
are in any case of doubtful value, because there is no statement of time elapsing between death 
and immersion in cooled trichloroacetic acid. 

^ We gratefully record our thanks for a gift of Ba adenosine triphosphate. This was decom- 
posed in acid solution (HCl) and checked by estimation of inorganic and total P and P hydro- 
lysable in 7 minutes. 
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Hydrion concentmiion mid the catatoriMn effect. 

Witli normal brain [Peters and Sinclair, 1933] tlie O 2 uptake at p-^ 6*6 is 
approximately 60-70 % of the value at 7-3. Respiration in lactate solutions 
is of course lower for avitaminous than for normal brain. The difference between 
these two liydiion concentrations is not nearly so marked for avitaminous brain 
ill absence of added vitamin; but whereas the presence of vitamin increases 
respmation at 7*3 markedly, this increase with added vitamin is miicli 
reduced or even absent at p^ 6*6. Table VI shows t3rpical experiments (a) com- 
paring lactate and lactate + vitamin at p^ 6*6, (6) lactate and lactate + vitamin 
at_pg- 6-6 and 7-3 (see also Fig. 1, Exp. 2). 

Table VI. Effect of pjj- on vitamin action. O 2 uptake in mm.^ 


(a) L +V (ly at 6-6)e 


Exp. 13 


Exp. 14 


Period (hrs.)... 

0-1 

1-2 

0-1 

1-2 

L 

810 

470 

1000 

610 

L+V 

900 

550 

1135 

775 

(6) L+V (ly) at 6-6 and 7*3. 





Exp. 15 

- . A. 

Exp. 13 


Period (hrs.)... 

0-1 

1-2 

0-1 

"13 

Ph7-3 

1265 

1020 

1290 

1090 

Ph 6*6 

990 

630 

900 

550 

(c) V 0-2yanclly. 

Exp. 16 

A 



Period (hrs.)... 

0-1 

1-2 



L 

955 

505 (triplicate averages) 


L +0*2y V 

1030 

620 



L + ly V 

990 

630 




It is of considerable interest that the cafatoruliii effect should be reduced 
from a maximum at p^ 7*3 (the blood-_pjj) to a minimum at p^ 6*6. A further 
point of importance is that any slight vitamin effects at pg- 6*6 are obtained 
with small amounts of vitamin (0*2y); but increase of vitamin to ly does not 
give increased respiration, as at 7 * 3 , The equation of Passmore et al. [ 1933 ] 
does not hold at p^ 6*6 (see Table VI (c)). This was remarkable, and at first 
seemed to be explicable only by some abrupt inhibiting effect. The probable 
explanation has proved more interesting. If pyrophosphate is added, there is a 
vitamin effect at 6*6, similar to that at pjj 7*3 (see Table VII). Hence, 
sufficient pyrophosphate must be formed at p^ 7*3 to give the ordinary vitamin 
effect; this pyrophosphate formation largely fails at p^ 6*6. The reason for this 
is still obscure ; the optimum pjj for pyrophosphatase action was given by Kay 
[1928] as pjj 7*6, but since then pyrophosphatases with other pg- optima have 
become known [see Takahashi, 1932]. 

There is a distinct suggestion that the origin of this pyrophosphate may be 
normally related to a-glycerophosphate. Though oc-glycerophosphate acts inde- 
pendently of the vitamin at p^ 7*3 so far as oxygen uptake is concerned, at 
oc-glycerophosphate functions to some extent in place of pyrophosphate 
(see Table VII, Exps. 17 and 18). 

The striking influence of pyrophosphate atp^- 6*6 lends the strongest support 
to the ^ view that free pyrophosphate is a component of normal cell respiration 
in brain tissue. The concentration of adenosine triphosphate in 100 mg. tissue 
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Table VII. Respiration at 6’6. 0^ uptake in mm? 


Exp. 17. 

Period (lirs.),.. 
L 

L+V 
L + a-gp. 

L -H a-gp. + V 
L + pp. 

L -h pp. + V 

Exp. 18. 

Period (lirs.) ... 
L 

L + pp. 

L.+V 
L. + V +PP* 

Exp. 19. 

Period (hrs.) ... 
L 

L + V 
L + pp. 

-L+pp. + V 

L + «-gp. 

L + a-gp. + V 


Pyrophosphate. a-Glycerophosphate. Vitamin. 


0-J 

V-1 

1165 

915 

(1175) 

(985) 

1440 

1010 

1615 

1230 

945 

810 

1410 

1210 


0-4 


960 

800 

960 

770 

1150 

915 

1200 

1115 


0~| 

1-1 

890 

735 

1040 

835 

955 

840 

1225 

1145 

930 

835 

1120 

1060 


l-li 

14-2 

710 

520 

(780) 

(635) 

740 

510 

970 

695 

730 

640 

1060 

950 


1 - 1 | 

li-2 

530 

455 

685 

580 

710 

540 

1050 

940 


l-lj 

li-2 

640 

390 

625 

490 

690 

685 

1035 

1010 

770 

640 

955 

850 


2 - 2 |- 

340 

370 

610 

1060 

470 

810 



is loWy so that such pyropihosphate can hardly arise from this source, even if 
the^a-glycerophosphate action is otherwise explained. It must be mentioned 
again in final caution that these findings with substrate additions still require 
the experimental proof by estimation of concentration in the tissues concerned 
before we can be quite certain of their application. 

The above interesting facts unfortunately do not yet teach us the precise 
nature of the enzyme system with which the vitamin co-operates. Though pyro- 
phosphate behaves as substrate X, its action must be in some way secondarv; 

the postulated substrate X is multiple. In the attempt to learn whether 
this was concerned with the accepted hexosephosphate fermentation system, 
we investigated the action of fluoride. 


Fluoride, 

The effect of fluoride upon tissue respiration has been much studied [see 
Meyerhof, 1930]. In mammalian brain, Ashford and Holmes [1929] showed that 
0-02 if fluoride inhibited lactate formation by 88 %, 0*01 if by 81 %, 0-005 if 
by 72 % and 0*002 if by 64 % . It is uncertain however that this inhibition is 
due to stabilisation of hexosephosphates, as even 0*0211 did not inhibit the 
appearance of inorganic phosphate under these conditions (pjj 8*2). At first it 
was thought that the vitamin effect was relatively little influenced by fluoride. 
Further experiment showed however that this was a question of concentration! 

Table VIII gives the experiments. In each case 0*024if NaF reduced the 
respiration of L + F + V to that of L -f F ; this concentration reduced the lactate 
respiration by 30-35 % , a figure which must be approximately maximum as 
0*0481/ gave no^ further striking change in L-f F. In the second hour period 
the reduction with 0*0241/ formed a rather greater percentage of the total 
respiration, but in actual amount (mm.^/g./hr.) was not much different from the 
reduction in the first hour. About 300 mm.^/g./hr. are sensitive to fluoride under 
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Table VIII. 

Effect offltioride {NaF)> O 2 uptake 

m mm.^ 


i ■. 




Calculated 

differences 





Exp. 20. Period (lirs.) .. 

0-1 

1-2 

1st 

2nd 

Total 


L 

L+F (0-048 Jf) 

940 

610 

570 

290 

330 

280 

(610) 

1 1 

L+V 

L+F (0-024 iif) 

1160 

780 

800 

325 

380 

475 

(855) 

'L ' 

S 1 

L+oc-gp. 

L + F (0-024 Jf) 

1370 

1090 

1010 

690 

280 

320 

(600) 


Exp. 21. 






1 

L 

L+F (0-008 iH) 

L +F (0-024 ilf) 

1030 

820 

630 

6001 

390 

290, 

190 

190 

210 

100 

(400) 

(290) 

If.. 

L+V 

L+F (0-024 1¥) 

1200 

670 

780 

290 

530 

490 

(1020) 

1 f H'';; 

L + F (0-024 M) + a-gp. 

590 

310 





L + F + a-gp. -fV 

640 

390 

_ 



1 f 

Exp. 22. 






i 

L 

L+F (0-008 i¥) 

L + F (0-024i¥) 

1160 

970 

810 

690] 

490 

430. 

190 

160 

200 

60 

(390) 

(320) 


Lh-V 

L + F (0-008 i¥)+V 

1480 

1060 

960] 

520 

420 

[■ 205 

440 

70 

(860) 

(278) 


L + F (0-024 i¥) + V 

855 

450. 

1 

RP 

RP + F 

855 

585 

460] 

250) 

■ 270 

210 

(480) 

f 

Exp. 23. 






!' 

L 

L + F (0-004 i¥) 

1395 

1230 

850] 

600 

160 

90 

230 

150 

390 

240 


L + F (0-008 i¥) 

1140 

450 J 


L+V 

L + F (0-004 i¥) + V 

1780 

1440 

1120] 

730 

340 

260 

390 

245 

730 

500 

1 

L + F (0-008 i¥) + V 

1150 

485 j 


RP 

805 

450] 

[ 140 

60 

200 


RP + F (0-004 i¥) 

665 

350, 


RP = Ringer-phosphate. 


our conditions. 0-008 Jf NaE inhibited catatorulin action completely in two 
experiments and only partially in a third. With 0*004 if the catatorulin effect 
was present in Exp. 23, but inhibited some 50 % (reckoned as mm.^/g./hr.). 
0-01 if therefore appears to be the marginal concentration for complete inhi- 
bition of the catatorulin effect; this will only reduce the lactate respiration 
by 18 % . The catatorulin effect is therefore much more sensitive to fluoride 
than 70 % of the tissue respiration in the presence of lactate; it appears to 
follow the concentrations required to inhibit lactate formation more closely, 
but to be less sensitive than the lactate system. 

Some other points deserve notice. From the fluoride action it may be judged 
that about 70 % of the residual respiration is due to lactate in the first hour, 
and in the second hour much more. In presence of lactate, the proportion of 
fluoride-sensitive respiration increases in the second hour. If fluoride inhibits 
the hexosephosphate-triosephosphate system, this means that more of these 
compounds are taking part in the respiration in the second hour; they are 
therefore formed from precursors in the first hour. In presence of vitamin, the 
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amount of sucli substances formed must be mucii greater; in Exp. 22 for instance 
some ^600 of the respiration are iiiliibited by fluoride. This suggests that 
the vitamin is concerned somehow in the fermentation system of carbohydrate, 
stiiniilatiiig respiration which is fluoride-sensitive^. The extra respiration is 
intermediate in sensitivity to fluoride between lactate upon the one hand and 
the main tissue resphatioii on the other. ■ 

Tlie concentration O-OU/ fluoride required to inhibit the vitamin effect is practically the 
same as that shown by Dickens and Greville [1932] to inhibit glucolysis in the Jensen rat 
sarcoma. 

To recapitulate, the simplest hypothesis that vitamin Bj_ is directly concerned 
with lactate removal was replaced by the hypothesis that it interacted with 
an unknown substrate A. Now^ it seems that X is more than one substance. 



Ftcrther considemtions . 

The results upon normal and avitaminous brain suggest a close relation to 
the new fermentation scheme of Embden et al. [1933], in which Meyerhof and 
McEacherii [1933] con cur. The powerful action of a-glyceropliosphate makes 
this evident. 

ilccording to these authors, we have for the anaerobic sj^stem : 

(1) Hexosephosphoric acid ->• 2 triosephosplioric acid [dihydroxy acetoiiepliosplioric acid (a) 

-h glyceraldeiiydephosphoric acid (6)]. 

(2) (a) -f 2H -i- (6) -r 0 =a-giycerophosphoric acid -f-pbosphogiy ceric acid. 

( 3 ) Phosphogly ceric acid = pyruvic acid -f phosphoric acid. 

(4) a-Glycerophosphoric acid -f- pyruvic acid=triosephosphoric acid H- lactic acid 

(=2 lactic acid 4- phosphoric acid) [Meyerhof and Kiessiing, 1933]. 

Ill (4) pyruvic acid formed from jihosphogly ceric acid in presence of a-glycero- 
phospliate gives lactate (salt at pjj 7-3). 

The promhient part^ played by p^n^uvic acid (as opposed to meth 3 dglyoxal) 
in these new fermentation schemes makes necessary a further investigation of 
p^Tiivate in relation to these brains. The primary object of this paper w^as 
confined to investigation of the respiration, but a few other incidental observa- 
tions have also been made. 

Tested by^ the iiitroprusside reaction of Simon and Piaux [1924] as described 
by Case [1932], no iiynmvate reaction is given by the freshly^ minced avitaminous 
brain. After shaking with lactate-Ringer at 7*3 for periods up to 2 hours, 
there is usually found a marked pyruvate reaction. 

It is probable that the reaction is actually given by py^^ruvate, but this 
cannot be decided until a hydrazone has been separated and identified hy 
melting-point. The reaction is peculiar to avitaminous brahi at 7*3. It is 
not found in experiments carried out at 6*6, or in normal brain tissue. 
Hence, it is in some way related to the avitaminosis; the obvious connection 
■with Embden '’s scheme is of great interest. 

Upon the assumption that this substance will prove to be pyoruvate itself, 
two problems arise for further work, namely (1) the origin and disappearance of 


^ During the progress of these experiments, Meyerhof’s view [1933] that fluoride inhibits 
phosphoglyceric acid breakdown appeared. It is difficult to reconcile this effect of fluoride with 
the view that fluoride only influences the breakdown of phosphogly cerate. 
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tlie substance responsible for the pyi-uvate reaction in the respiration Experi- 
ments, and (2) the nature of the pyruvate lesion. 

Ill regard to (1), two paths are available upon present knowledge, either 
oxidation of lactic acid or degradation of phosphogly cerate. Origin by oxida- 
tion the lactic co-enzyme of Banga, Szent-Gyorgjd and Vargha [1932] cannot 
be excluded, unless it proves that the lactic co-enzyme functions well at p-^j 6-6; 
at this pjj no pjnuvate reaction appears. The more probable origin appears to 
us to be via Embden’s phosphogly cerate ; this would account among other 
things for the ready disappearance of the reaction in presence of oc-glvcero- 
phospliate; further, since lactic acid would be so formed, it would go far towards 
explaining the puzzling constancy of lactate in Meiklejohn’s experiments [1933]. 
(2) The problem as to the nature of the p^u’uvate respiration lesions in these 
brains has still to be solved. Respiration wdth avitaminoiis brain in pyruvate 
solutions in absence of added vitamin is almost alw^aj^s less than with lactate, 
in contrast to the normal. The previous results with vitamin additions were 
variable [Meiklejolin et al., 1932]. A few further experiments show that addition 
of pyruvate to lactate may be actually inhibitory (see Exp. 24, Eig. 5). At other 



Time (liours) 


Tig. 5. (Exp. 24.) Effect of pyruvate upon catatorulin effect in minced avitaminoiis brain in 
presence of lactate (0'033 31 ) and pyropliospliate ( 7‘5 nig./3 cc. ). Curve d , vitamin Bi ( ly /3 cc. ) ; 
J3, vitamin .5^ + pyruvate (2-8 nig./3 cc.); 0, control. 

times an experiment such as Exp. 25, Table IX is seen, giving reduced respira- 
tion with pyruvate, but identical catatorulin effects with p^wiivate and lactate. 
At present the balance of evidence is towards the view that the pyruvate problem 
is secondary to that of lactate, so far as the action of the vitamin is concerned. 
Two paths seem possible for removal of pyruvic acid, synthesis to phospiio- 
gly cerate 5 or reduction to lactate. Exp. 25 is best explained by believing that 
pjwuvate is first reduced to lactate. If then, the presence of vitamin also 
improves removal of pyruvate by reduction to lactate, the vitamin must be a 




Exp. 25. 

Period (ill’s.) 
Eiiiger-pliospliate 
Riiiger-pliosphate V 

L 

E 4 " V 

Pyruvate 
Pyruvate -h V 

Exp. 26 , 


Table IX. O 2 uptake in mm? 


1 

2 

1030 

590 

1080 

700 

1600 

1010 

1810 

1370 

1360 

850 

1580 

1180 


Period (lirs.) 
L 

L + V 
P 

P + V 

P + a-gp. 

P + a-gp. +V . 


1 

1400 

1560 

1080 

1490 

1460 

1810 


750 

1040 

680 

960 

860 

1160 


3 

615) 
860 1 

380) 
730 [ 

690) 

950] 


V difference 
110 mm.^ 

360 mm.3 

330 mm.3 

Difference 
Total 1-3 iirs. 

690 

1020 

910 


catatyst in some reducing system. We cannot yet decide which substance reduces 
when oprgen is present. According to Barrenscheen and Benesohevsky 
Liyyj It would be glutathione: whereas according to the scheme of Embden 
€ al. [1933] and Meyerhof and McEachern [1933] it would be preformed a- 
gl3merophosphate. li a-glycerophosphate can actually take the place of oxygen 
'then it might be expected that a-gtycerophosphate+ pyruvate would give less 
respiration than pjTuvate. In three experiments of wliich Exp. 26, Table IX 
is one, respiration vith a-glycerophosphate addition has been increased addi-' 
tively mth pjnuvate, as with lactate. This independence of a-glveerophosphate 
respiration is decidedly puzzling, and at the moment dilHcult to reconcile with 
+1 j. fermentation schemes. There is no support at present for the view 
that the vitamin action is concerned with a-glycerophosphate, or directly with 
pjTuvate, though the fluoride experiments suggest a relation to the fermenta- 
tion system of earbohydrateb W’e have come to believe that the changes in 
the tissue induced by lack of mtamin are more profound than at first realised, 
and that the whole trend of metabolism is altered; this is indeed indicated by 

] ® e-xperiments [Sinclair, 1933, 2]. Since Hopkins 

and Elliott [1931] showed that pvwophosphate inhibited glutathione oxidation, 
the interaction with pjTophosphate would be consistent vdth some such fimction 
lOT the vitamin as mobilising active glutathione in a coupled oxidation system, 
baiowledge of the exact influence will come only with the patient accumulation 
oi tiirtlier facts. 

The deep-seated changes experienced outwardly by increased lactate in the 
tissue here studied and variations in normal respiration are especially m- 
teresting, because of their close analogy to those in tumour tissue, which has'been 
made closer by work upon the e.q. Dickens and Simer [1930] found that this was 
the great distinction for tumour (a lowering in carbohydrate oxidation in addi- 
tion to lactic acid formation). Here analogy stops because there is no evidence 

that polyneuritic pigeons grow tumours in their brains more easily than the 

normal. 

1 An experiment with ketol [Henze, 1930] . gave no indication of change in the 
re.spiratiou either with or without vitamin. We are indebted to Dr Borland for the specimen 
of ketol. ■ ^ 
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Tile above research iias been carried out in Ringer-phosphate solution. The 
criticisin that conditions are too artificial to be of interest is adequately met 
by the recent finding (H. M. S.) that the catatoriiliii effect is obtained equally 
well ill bicarboiiate-GOg solutions. 

Experimental. 

Birds used for these experiments have been carefully selected to show true 
opisthotonus symptoms. They have in most cases beeii' already used in vitamin 
tests and have therefore been thoroughly depleted of vitamin. 

Determinations have been made upon the whole minced brain (up to 
16 simultaneous samples) in Ringer-phosphate 7*3, containing lactate 
0*033 if unless otherwise stated, and in The salts used have been described 
ill our previous paper [1933]. The figures given represent the mean of satis- 
factory duplicate estimations, unless .otherwise stated. Periods are calculated 
for 30 minutes preceding the time stated, i,e, li hours means the period 
1-1 i hours. 

In making additions to the Ringer-lactate solution, the salts have been made 
up in 0-2-0-3 cc. of solution and so added to the bottles, making allowance for 
this by addition of less Ringer-lactate. Any changes in concentration of lactate 
so produced would not influence results [c/, curves for lactate, Gavrilescu 
et al.^ 1932]; but this has been controlled in the latest experiments by adding 
the necessary amount of lactate in 2*0 cc. Ringer-phosphate and making up 
to 3*0 cc. with the various additions. The small variations in tonicity have not 
been corrected. It was found by Peters and Gavrilescu that very wide varia- 
tions ill strength of a sugar solution had little influence upon oxygen uptake. 

The same batch of vitamin crystals has been used throughout. They were 
made up as described by Eannersley et al, [1933] in acid alcoholic solution, 
2OO7/CC. The required amount was taken immediately before an experiment, 
the alcohol removed, and diluted with Ringer-lactate so that lcc. = 2y. It 
was added to the bottles immediately after breaking up the tissue. 

liagneskim. As in the previous paper, Mg has been added as 0*05 cc. of 
saturated Mg phosphate solution in several cases (Exps. 3, 5, 6, 7, 8, 10, 11, 
12, 17, 19), It has had no influence. 

Cahnm co7icentration. Calcium chloride added to the Ringer-phosphate 
caused at 7*3 inhibitory effects amounting to some 2-10 % , but did not 
affect the action of the vitamin. In order to work under standard conditions, 
most of the experiments were done with Ringer-phosphate which was allowed 
to stand at room temperature for 2 days before filtering from the precipitated 
calcium phosphate. Latterly, we have w^orked with a Ca-free Ringer without 
influence upon the experimental results. For other work upon the influence of 
calcium see Kisch [1931] and for nerve Gerard [1932]. 

Co7icentrations of other substrates. Unless otherwise stated, these have been 
as follows : 

Vitamm i>\. ly per 3*0 cc. (|- International vitamin unit). 

Pyruvate 0-01911. Exps. 26, 27. 

Pyrophosphate (Nasalt). Anhydrous: 0*009411, Exps. 12, 17, 18, 19: 0*0075 If,. 
Exps. 10, 11: 0*0125 Jf, Exp. 9. 

cL-Glycerophos 2 )hate (Ca salt decomposed by oxalate): 0*0143 If, Exps. 7, 8: 
0*0238i¥, Exps. 9, 11, 17, 19: 0*02ilf, Exp. 27: 0*016Jf, Exp. 10. 

^-Glycerophosphate (Na salt): 0*0129 If, Exps. 7, 8. 

liexoseinonophospliate (Robison) Ba salt: 0*0076Jf, Exps. 5, 6. 
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Hexosedipliospliate Ba salt: 0-0071 if ^ Exps. 3a and b, 4. 

Oandiolin. 10 mg. /3 cc., Exp. 36. 

They were chosen to produce maximum (or approximately maximum) 
effects. 

Conclusions. 

1. The action of vitamin Bj ‘"catatorulin effect’^ upon the brain in vitro of 
avitamiiioiis pigeons is maxiiiiimi at 7*3. It is abolished by cyanide and 
fluoride in sufficient concentration, being more sensitive to fluoride than most 
of the respiration. 

2. Na p}u*opliospliate (0-2 %, 0-01 if) interacts with vitamin B;^ and lactate 
to produce large rises in respiration over periods of 2~3 hours; in this way the 
respiration is largely maintained instead of decreasing rapidly. 

3. Hexosediphosphate and Robison’s hexosemonophosphate increase the 
initial rate of respiration in avitaminous as in normal brains, but have no 
influence in siistaiiiiiig respiration and show no specific vitamin interaction. 

4. a- Glycerophosphate (not ^-glycerophosphate) increases the respiration 
largely; this increase is not specifically related to the vitamin action, but the 
substance is probabty one of the missing tissue substrates in experiments of 
this t^rpe. 

5. With lactate alone at pjj 6-6 there is no catatoriilin effect unless pwo- 
phosphate is added. To some extent oc-glycerophosphate vill replace p^urophos- 
phate. It is inferred from this that free p 3 U' 0 |)hosphate is split off in survival 
respffatioii atpjj 7-3. 

6. Since vitamin B^, lactate and p 3 Tophospliate appear to form some 
coupled oxidation system, the vitamin must influence more than one phase of 
the energy metabolism of the cell. The facts at present known are the expression 
of some deep-seated shift in cell equilibria. 

We are indebted to the Medical Research Comicff and to the Christopher 
Welch Trustees for grants for expenses. We are grateful to i\Ir H. W. Kimiersley 
for help in preparation of the vitamin concentrates and to R. W. Wakelin for 
skfffiil assistance. 
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CCLXIL THE EFFECT OF VITAMIN UPON THE 
RESPIRATORY QUOTIENT OF BRAIN TISSUE. 

By HUGH MACDONALD SINCLAIRL 

From the Department of Biochemistry^ Oxford. 

{Received October 31st ^ 1933.) 

Gaveilescf and Petees have shown [1931, 1] that minced polyneuritic pigeon’s 
hraiii tissue, suspended in glucose-phosphate solution, gives a lowered oxygen 
uptake as compared with the noriiial. Later they found [1931, 2] that this 
deficieiic}?- was partially restored in vitro by adding vitamin concentrates in 
very small aiiiouiit. The effect was cataljdic. Peters and his colleagues 
[Gavrilescu et al., 1932] showed that the effect was enhanced in lactate solution; 
but since the avitaminous tissue oxidised succinate normally, the cytochrome 
system w^as not impaired. They concluded that vitamin was specifically 
concerned with carbohydrate metabolism. 

The simplest explanation was that vitamin B^ was a catalyst essential for 
the oxidative removal of lactic acid. It is not, however, the lactic oxidase 
coeiiz^rme described bj?' Banga et al. [1932], neither can preparations of the 
latter give the in vitro effect of vitamin [Boyland, 1933, using the Thunberg 
technic|ue ; Peters and Sinclair, unpublished, using measurement of oxygen 
uptake]. Also, Meildejohn [1933] could find no extra disappearance of lactic 
acid corresponding to the extra respiration produced by the addition of the 
concentrates to the polyneuritic tissue. It was therefore important to study 
the E.Q. of the tissue under these conditions. A preliminar^r account of these 
experiments has alreadjr appeared [Sinclair, 1933]. 

The respiratory c|iiotient of brain tissue from various animals has usually 
been found to be nearly unity. Loebel [1925] found that the e.q. of excised 
rat brain was 0*99 in fructose, 0*92 in glucose and 0-86 in Ringer solution. 
Dickens and Greville [1933] reported that the e.q. of brain cortex of rats and 
rabbits, buffered either with phosphate or bicarbonate, was unity whether 
glucose, fructose or no substrate was present. Ashford and Holmes [1931] found 
that the e.q. of chopped rabbit brain, in Ringer-phosphate (apparently un- 
buffered), was 0-88 and rose to when lactate was added. Himwdch and 

Nahum [1929] analysed the gases in the blood entering and leaving the brains 
of dogs and obtained values of unity under a variety of conditions. Himwicli 
and Pazikas [1932] stated that minced tissue of rats, in glucose-phosphate 
solution, gave the following values: cortex 0*99, stem 0*93, cerebellum 0*89, 
medulla 0*89. All this work lias emphasised that the metabolism of mammalian 
brain under a varietj^ of conditions is essentially that of carbohydrate. 

Very recently Himwicli et al. [1933] have reported observations on the e.q. 
of the cerebral cortex of three pigeons and one dog suffering from pol 3 meuritis. 
The values obtained with the avian tissue, using the Warburg apparatus, were 
0*76, 0*86 and 0*66, but it is not stated in what medium the determinations 
w^ere made. Himwich assumes, apparently on no evidence, that the e.q. of 

^ Senior Demy of Magdalen College. 
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normal avian cortex would be unity and believes that his results indicate a 
diminished ability of the brain to oxidise lactic acid. Meiklejohn [lOSS] could 
demonstrate no inability of the brain to oxidise lactic acid in avian polyneuritis. 

Many authors have studied the e.Q. of poljmeuritic animals, with very con- 
flicting results. Ramoino [1915] found that when four pigeons were fed on 
polished rice, their weight and e.q. fell progressively although their oxygen 
uptake was not decreased. On feeding an extract of the rice-polishings, their 
weight and e.q. increased, and they became very active. The lowest value of the 
E.Q. was 0-35, and he concluded that the low values were due to meomplete 
oxidation processes producing toxic substances. Caridroit [1922] reported that 
the E.Q. of three pigeons fed on a vitamin B-deficient diet started at 0-9, fell 
to 0-7 and then rose to 0-8 at the time of symptoms. Anderson and Kulp [1922] 
^d careful work on six hens and concluded that there was no noticeable chano-e 
in E.Q. in vitamin starvation. They concluded that Ramoino’s results were due 
to leaks in his apparatus. Magne and Simonnet [1922] rightly believed that 
tlieir experiments were too few to anaiyse the metabolic disturbance in poly- 
neuiitis. Neyertlieiess they concluded that the e.q. of pigeons was the same 
m^pohmeuritis as in fasting. They found that intravenous injection of glucose 
raised ^ the e.q, of a fasting pigeon but produced no significant rise in a poly- 
neuritic pigeon, valence they concluded that the latter was ^‘un animal alimentd ” 
but unable to utilise carbohydrates. In contrast to this, Mattill [1923] found 
no diftereiice in the basal quotients of normal and avitaminous rats and con- 
cluded that vitamin B was not specifically related to the metabolism of carbo- 
,ydiate since in both groups of animals the e.q. rose after administration of 
sucrose or glucose. Gerstenberger and Burhans [1922] believed that studies of 
tile R^Q. showed that polyneuritic pigeons could burn carbohydrates completelv 
found a decreased production of COo. Jansen and Mang- 
koewmoto [1920] generaUy found a fall in e.q. in paddy-birds. Okada and 
Sakurai [1926] and Fleming [1923] reported that the e.q. was unaltered in human 
beriberi, and Lawrow and Matzko [1926] actually found a rise in e.q. and in 
oxygen consumption in avitaminous hens. 


JtXPEEIMENTAL. 

The method of Dixon and Keilin [1933] has been used for the determina- 
tions, smce this IS better than the methods of Dickens and Simer [1930; 1931 1] 
and of Warburg [1924]. ^ ’ ■' 

The determinations were made over a period of 1 to 2 hours upon minced 
brain tissue m 3-0 ce. mammalian Ringer solution buffered with JJ/10 KH,PO. 

(0-03311) (as described by Passmore 
40 % KOH ■ contained 0-3 cc. 2iV HCl, and the bottom taps 

re decapitation with a guillotine. The skull was opened, and the brain 

sn3! from membranes and blood and finely minced with a bone 

nr!Su,h ni ry equal portions as possible and placed in the 

s the tissue was finely divided with a flat- 

assembid ^ ‘’f rods were inserted, and the apparatus 

th s i!e wsf 55 minutes elapsed from the time of deLh until 

this stage was reached. Oxygen was passed for 10 minutes through the apparatus while shaking 

re.novSdVZ“+'! of “P ‘issue with the glass rod, no tissue is 

lost — 
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by the metliocl described by Bixon and Keilin. The gas was then shut off, the side -taps closed 
and the apparatus shaken ior a further 3 minutes. The taps were then closed and the acid tipped 
into the left-hand bottles. The remaining procedure was as described by Dixon and Keilin. 

Ill the early experiments, mercury w^as used to displace the KOH but was found to be un- 
satisfactory as it sometimes shook over into the medium. In most of the experiments glass rods 
have been used (see Bixon and Keilin). The apparatus have not been shaken at the speed re- 
commended by Bixon and Elliott [1930], because at that speed the tissue becomes washed up 
and stuck upon the sides of the bottles, and there is danger of the acid not reaching and killing 
it iininediately. A speed of about 70 complete revolutions per mmute has been used. 

The constants of the apparatus were calculated from the formula given by Bixon and Keilin. 
When oxygen and phosphate buffer have been used instead of COo and bicarbonate, the changes in 
pressure have not been large, and so paraffin, coloured with Sudan III, has been used in the 
manometers. 

All determinations, except where stated, have been done in duplicate and a few in triplicate 
or quadruplicate. When the duplicates have not agreed to within %, the average value has 
been bracketed. I have found that the duplicates agree better for the measurement of Qq^ than 
for E.Q. This maj?" be due to the tap-grease (made from lard, bees-wax and olive oil) dissolving 
CO 2 . This would, of course, affect the e.q. but not the Qq„. The error from this source can only be 
small and does not apply to the determinations made in presence of CO 2 . 


Tliroiiglioiit,, precisely tlie same additions have been made to the left-hand 
bottle as to the riglit-liaiid, but it was found impossible to get the weights of 
tissue identical. In all experiments, the amounts used have been between 90 
and 200 mg., and the amounts in any pair of bottles have always agreed to 
within ± 5 % , usually considerably less. The differences in bound 0*02 will there- 
fore not be significant. 

The birds used in nearl}-’ all the experiments have been either Blue Chequer 
or Blue Bar Homer pigeons. About equal numbers of each sex have been used, 
but as neither the type of bird nor the sex appears to make any significant 
difference to the results details have been omitted. In most of the experiments, 
cerebrums only have been used. Although the lesion in poljmeuritis is more 
marked in the lower parts of the brain [Kimiersley and Peters, 1930], the 
cerebrum provides more tissue, a higher and a more homogeneous mince. 
Varying amounts of white matter are unavoidably included, but two experi- 
ments have shown that the e.q. of the cerebrum is not very different from that of 
the lower parts of the brain. 


Results. 


Table I shows some results obtained vdth normal pigeons [fed on mixed 
corn, as described by Kiiinersley et al, 1928]. 

Table I. Normal tissue in ‘j)hospJiate-bujfered lactate. 


Exp. 

Tissue 

Time 

(mins.) 

Q02, 

E.Q. 


2. ill. 33 

fMiolc train (except) 

60 

— 

0-89=^ 


3. ill. 33 

eeivhclhim) 

60 


0-90t 


6. iii. 33 


60 

— 

0-86 


13. iii. 33 


60 


0-S8t 

With addition of 

28. iii. 33 

,, 

60 

7'35f 

0-83t 

2 y vitamin B| 

26, iv, 33 

( Cerebrum 

45 

(8-60) 

0-93 

per 3-0 cc. 


1 Optic lobes and mid-brain 
Cerebrum 


5-75 

(10-73) 

0-92; 

0-87 

A 

22. iv. 33 

60 

r ^ 

Qo^ E.Q. 

15. viii. 33 


90 

10-73 

0-991 

10-53 0-96i 

16. viii. 33 

?s 

60 

9-05 

0-83* 

9-80j: 0-901 

18. viii. 33 

SJ 

90 

9-45i* 

0-88t 

8-60* 0-90* 

* Quadruplicate. f Triplicate. 


t Single determination® 
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Table II shows results obtained with tissue from birds killed while in opistho 
tonus due to deficiency of vitamin . The birds had been fed for about 30 days 
on pohshed nee by the usual methods used in this laboratory, and the nre’’ 
cautions of Kmnersley et al. [1928] were observed. The vitamin preparation 
used was a crystalline concentrate (No. 64-19 of Kinnersley et al [19331) The 
A r. ^ received only 2-0 cc. of the ordinary medium. 

Af er the tissue had been broken up with the glass rod, the vitamin was added 
made up m 1 '0 ec. of the medium . (The addition was m ade to both left- and rio-ht- 
hand bottles. The amount used (1 to 2y per 3-0 cc.; 2-2y=1.0 International 
e^al T933™°^^ would give an almost maximum catatorulin effect [Passmore 

Table II. Avitaminous cerebrums in lactate. 


Exp. 

Time 

(mins.) 

10. V. 33 

60 

11. V. 33 

ISO 

6. vi. 33 

63 

9. vi. 33 

60 

12, vi,. 33 

120 

16. vi. 33 

60 

19. vi. 33 *k 

60 

12. vii. 33 

120 


^Oo 


Control 

Vitamin 

5-50 

6-15^^ 

(8-70) 

11-00 

5-80 

7-18 

7-50 

8-85^- 

4-35 

5-58 

5'25* 

7-80 

5*35 

6-55 

4-23 

6-20 


E.Q. 


f 

Control 

Vitamin 

0-74 

0*84^ 

0*65 

0*88=*= 

0*62 

0*89 

0*74 



0*69 

0*87 

0*58^' 

0*77 

0*71 

0*93 

0*68 

(0*91) 


R.Q. of 
extra 

Vitamin 

respira- 

cone. 

tion 

( y/3*0 cc.) 

1*7 

2*2 

1*3 

2*2 

2*0 

2-0 

— 

1-0 

1*5 

2*0 

1*2 

2*0 

1*9 

2-0 

1*4 

2*0 


^ Single determination. 


varSm^eWod^Tn''’“® rice for 

bira eases, symptoms were threatening; in others, the 

bird was very active and apparently in good health. It wilf be seen thU in 
some cases there is a slight rise in the B.Q^and in others no effSt 


Table III. Cerebrums of rice-fed birds in lactate. 


Exp. 

Time 

Control 

^o.> 

_ ..V “ 

(mins.) 

Vitamin 

27. iii. 33 

60 

5*95* 


20. vi. 33t 

65 

9*05 


3. vii. 33*** 

60 

9*20 

10-15 

6. vii. 33* 

60 

9*00 

9-40 

7. vii. 33* 

60 

8*00 

7-80 

10. ^di. 33 

60 

8*98 

9-10* 

11. vii. 33 

60 

8*15* 

8-08 

13. vii. 33 

90 

7*28 

8-03 

Vitamin concentration, 1 y/S-O cc. in Exp. 

Single determination. 


E 

Q. 

No. of 

To loss 

t 


da,ys on 

in wt. 

Control 

Vitamin 

diet 

on diet 

0*67 



19 



0-86 

— 

20 



0*81 

0*87 

26 

35 

6 

0*88 

0*75 

22 

33 

2 

0-99 

1*09 

23 

32 

3 

0-76 

(0*83) 

26 

36 

5 

0-81* 

1*01 

27 

37- 

•0 

0*92 

0-91 

21 

26* 

0 


6. vii. 33; 2y/3*0 cc. in tlie remainder, 
t Triplicate. " 


Determinations in G02'bicaTbon(ite. 

beW ven“pltMlv«?“v KH,PO, cannot be regarded as 

4 .- ' ^ Yet Dickens and Simer [1931 21 found that flip 

^ tissue with glucose as substrate was affected neither 

Ashford IndSrnrsTmn^lh^^ substituting COa-bicarbonate for phosphate. 

rabMt braS ShTn "P^^ke of chipped 

bnnail absence of lactate, was larger in CO,-bicar- 

bonate than m phosphate, and the value of the “Meyerhof quoti ” alsoX 
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pended upon the buffer used. Meyerhof [1925] found that phosphate was 
necessary for the resynthesis of lactic acid in muscle; and Meyerhof et al. [1925] 
showed that there were quantitative differences in respiration in presence of 
sodium or of potassium phosphate. It was therefore important to study the 
respiration of the avitamiiioiis brain in COg-bicarbonate, with and without 
added phosphate. 

The experiments have been performed in Ringer-lactate (as above) with 
0*025 JT sodiiim bicarbonate. The final solution when saturated vitii COg had 

7*3j but practically no calcium was precipitated. In the experiments with 
phosphate, sodium diliydrogen phosphate was added to make the final concen- 
tration Jf/45. This wms brought to 7*3 with 20 % NaOH. Gas mixture 
composed of Og + fi % COg was used, and the medium wa>s saturated with this 
before being added to the bottles. The manometers were filled with Clerici fluid. 
Variations in the tonicit}:^ of the various media have not been controlled, since 
Gavrilescii and Peters, in unpublished observations, found that large variations 
produced no effect upon the respiration. 

Tables IV and V show the results obtained with tissue from normal and 
avitamiiioiis birds respectively. 


Table IV. Normal tissue in COs-bicarhojiate with lactate. 




Time 





Exp. 

Tissue 

(mins.) 

Medium 

Qo-z 

B.Q. 

Vm 

12. ix. 33 

Cerebrum 

120 

Lactate 

5-90 

0-83 

-M 

13. ix. 33 

Whole lu’ain (except 

120 

Lactate 

6-03* 

0-81t 

--L2t 


c€u‘ebelluin ) 




15. ix. 33 

»> 

120 

Lactate 

5-55 

0-79 

-()-8 




Lactate -i- phosphate 

6T5 

0-90 

(-M) 

18. ix. 33 


120 

Lactate 

6-53 

0-82 

-1-2 




Lactate + phosphate 

6*o0i 

0-93$ 

(-1-7)1 


* Qiiadraplicate. 


t Triplicate, 


Sinoie determination. 


Table V. Avita^ninoiis tissue in C02-bicarbonate ivitJi lactate. 


Exp. 

Time 

(mins.) 

Medium 


E.Q. 

0^ 

E.Q. of 
extra 
respira- 
tion 

19, ix. 33 

120 

Lactate 

Lactate -i- vitamin 

4*98 

6-20 

0-71 

0-81 

-0*5 

-0*8 

1*2 

21. ix. 33 

109 

Lactate 

Lactate -i- vitamin 

5*68 

645 

0*72 

0-80 

-04 

-0*7 

1*5 

16. ix, 33 

no 

Lactate -f phosphate 
Lactate + phosphate 
-1- vitamin 

3-70’*‘ 

5*28 

0'91 

(-1*0) 

2*0 

20. ix. 33 

120 

Lactate -h phosphate 
Lactate + phosphate 
+ vitamin Bj_ 

4-38=^ 

5*65 

0*75=5' 

0*88 

(-0*8) 

(-1-3) 

1*5 


Tissue. Whole brain except cerebellum. 


Vitamin 

2ylZ'0 cc. 



Single determination. 


Table VI gives the average values obtained in the whole series of experi- 
ments. After the mean value for each series is given the standard deviation, 
/{x-xY s 

V ? is the difference between two means divided by the estimated 

standard error of this difference; and ''P/’ the probability of falling outside 
the range + 1, is derived from the Table given by Fisher [1932]. 




, f 



1932 


H. M. SINCLAIR 


Table Yl. 3£ean values ± standard deviation. 


Phosphate : 

E.Q. icT 


Nomial brain (except cerebellum) 

N'omial cerebrum 

Normal cerebrum + vitamm Bj 

0-87 ±0-0o 1 
0-90 ±0-06 
0*92i0*03J 

1-22 0-23 

0*54 0*6 

“Pvice-fed” cerebrum 
“Bice-fed” cerebrum -f vitamin 

0*86 -1-0*091 
0*91i0*IP 

[ 1-03 0*33 

Avitaminous cerebrum 

Avitaminous cerebrum -f vitamm Bj 

0*68i0*06] 
0*86 ±0*06 J 

[ 71 0 

COg-bicarbonate : 

E.Q. di O’ 


Normal brain (except cerebellum) 

Ditto -{- phosphate 

0-81 ±0-02 -11 

0-91 ±0-0.5 (-1-3) 

Avitaminous brain (except cerebellum) 
Ditto -f- vitamin B;^ 

Ditto + phosphate 

Ditto + phosphate -f vitamin B^ 

0-71 ±0-02 
0-81 ±0-02 
0-75 

0-90 ±0-05 

i - 0-45 1 

! -0-75) 

(-0-8) 1 
(-M5))- 


R.Q. of extra 
respiration 


1-6 ±0-3 
R.Q. of extra 
respiration 


1*4 ±0-2 


l-8±04 


In calculating the statistics, certain points arise. The standard deviation (a) has been calcu- 
lated from the whole set of values in each series and not from the average values (mean of 
duplicates, etc.) given m Tables I to V. In two experiments, only half the usual concentration 
of vrtamm was used (1 y instead of 2 y), but as already stated 1 y is known to give a nearly 
niaxmiuni oatatorulin effect. In the case of the birds fed for different periods on polished rice, 
but not m opisthotonus, the standard deviation is very large because the birds were in varyinc^ 
ygrees of vrtamin deficiency. The exijeriments performed with bicarbonate buffer have been too 
lew to permit of convincing conclusions being di’awn. 

hisher’s method of testing the significance of a difference between two means has been used, 
although the same results can of eowse be obtained from the direct application of the probable 
error concept. The analysis shows that the difference between the e.q. of avitaminous cerebral 
tissue with and without added vitamin is undoubtedly significant; the difference between the 
E.Q. ot normal hram and normal cerebrum is probably significant; between the b.q. of cerebral 
issue of noe-fed birds, with and without added vitamin, there is probably no significant difference; 
and tne addition of vitamin to normal cerebral tissue does not significantly change the E.Q. 


i'XSCUSSION. 

Many authors have claimed that vitamin is not specifically related to 
tissue oxidation processes, hut that the results obtamed have been due to the 
OSS m weig^rt ot general iimnition of the animals studied [e.g. Drummond and 
Marrian 1926; Galyao and Cordoso, 1932; Ahderhalden and Vlassopoulos, 19311. 
Merklejohny [1932] proved that vitamin B^ deficiency and inanition were 
independent, but estenbnnk [1932] has revived the controversy. The results 
presented here show that the minced avitaminous tissue has a decreased e.q. 
as well as a lowered respiration, and that the addition of minute amounts of 
vitamm B^ in vitro raises both nearly to the normal values. Further, the vitamin 
has no effect upon the normal tissue and probably no significant effect upon 
the tissue of birds fed with polished rice hut not showing the symptoms of 
p }meuriti^ The results obtained therefore lend strong support to the con- 
clusions of Peters and his colleagues. ^ 

interpreted in many ways. Taking the simplest explana- 

< on and assuming that no protein is being oxidised^, the r.q. of 0*9 for the 

and TChnlTTmu is weU established [Loebel, 192.5; Schwarz 

f Ie Rjehelmg, 1931]. Any such production will affect the values neither of the 

E.q. nor of the ox3rgen uptake. 
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normal tissue may be taken to represent a respiration of which 66 % is carbo- 
hydrate and 34 % is lipoid. It is interesting to recall that Peters and Siiiclaii* 
[i933] foiiiicl that rather more than 60 % of the respiration was sensitive to 
cyanide or fluoride. The avitamiiious tissue has -an b.q. of about 0*68, but it is 
unlikely that this represents an oxidation of fat alone since lactate marked!}' 
stimulates the respiration of this tissue (although not to the same extent as 
with the normal) and since Meiklejohn [1933] found that the avitamiiious tissue 
readily removed lactate. It is more probable that an incomplete oxidation is 
occurring in the avitaminous tissue whereby some substance is produced which 
is only oxidised in presence of the vitamin, thus producing the apparent e.q. 
of 1*5 of the extra respiration induced by the vitamin. 

The fate of the lactic acid is indicated by the experiments in bicarbonate. 
The aerobic glycolysis can be measured in these. 

Tiie figures given for the in presence of phosphate do not represent true values and so 
have been placed in brackets (see Tables IV^ V and VI). The apparatus does not give a direct 
measure of the if phosphate is present, since buffering by the phosj)hate minimises any changes 
ill the acid content of the medium. Therefore the true value for the disappearance of acid 
(negative in presence of phosphate should be very much larger than the figure given in the 
Tables. 

The removal of acid in the avitamiiious brain in absence of phosphate 
is found to be very small (Qif = —0*45), but upon adding vitamin there is 
a large increase (l9^f='-0*7o) approaching the value for the normal tissue 
—1*1). There is a corresponding rise in the respiration and in the e.q. 
Yet the latter is only 0*81 (for the normal tissue, and avitaminous + added 
vitamin), and the b:q. of the extra respiration produced by the vitamin is 
about 1*4. Therefore it seems improbable that the increased disappearance of 
acid merely indicates an oxidation of lactic acid. 

Adding phosphate hardly affects the oxygen uptake either of normal or of 
avitaminous brain with added vitamin, but raises the e.q. from 0*81 to 0-91 
(representing an increase of 35 to 69 % in the carbohydrate part of the respira- 
tion). Also, the disappearance of acid is greatly increased^. But since this 
large disappearance can hardly all be accounted for by the increase in the 
carbohydrate part of the respuatioii, it is simplest to regard it as a synthetic 
removal of lactic acid. Speculation, however, would not be justifiable. 


’.t t 

^ f 


-! 



SUMMABY. 

1. The respiration of brain tissue from normal, rice-fed and polyuieiiritic 
pigeons has been studied in presence of lactate buffered with either phosphate 
or bicarbonate. 

2. The respiratory quotient of the tissue from polyneuritic pigeons is low 
and is raised nearty to the normal value by the addition in vitro of minute 
amomits of crystalline vitamin B^ . 

3. The low value is independent of inanition, since the addition of vitamin 
does not influence the e.q. of tissue from normal pigeons and hardly influences the 
quotient of tissue from pigeons fed on polished rice but not showing symptoms. 

4. The specific effect of vitamin’ in raising the respiration of avitaminous 
brain tissue is found in lactate buffered with bicarbonate, and there is also a 

^ It is improbable that the negative aerobic glycolysis is due in any large degree to production 
of ammonia or breakdown of creatiiiephosphate, since it is unlikely that either would be greatly 
increased by the addition of phosphate. 
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rise ill the respii'atory quotient. These results are independent of the addition 

of inorganic pliospJiate to the medium. 

6. The aerobic glycolj^sis of the avitaminous tissue is slightly neo-ative and 
becomes more so when vitamin Bj is added or with normal tissue. The addition 
of phosphate markedly increases this negative value. 

I am very deeply indebted to Prof. Peters for his constant interest and 
advice throughout this work. I also wish to thank Mr Kinnersley for the supplv 
of the vitamin concentrate and Dr Malcolm Dixon for early information cL- 

cemilig the apparatus. 
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CCLXni. POLYPLOIDY AND VITAMIN C. 


By FREDERICK WHALLEY SANSOME 
{from the John Innes Horticultural Institute, Merton), 

AND SYLVESTER SOLOMON ZILVA^ 

{from the Division of Nutrition, Lister Institute, London). 

{Beceived November 2nd, 1933.) 

In this communication, evidence is produced which lends strong support to the 
view that there exists a comiection between the polyploid constitution of the plant 
and its vitamin C content. The experiments to be described were embarked upon 
as a consequence of some siiggestive information which was obtained in a series of 
investigations on the apple. Some years ago it was observed by Zilva and his 
collaborators in the course of a comprehensive investigation on the influence of 
the physiological condition of the apple on its vitamin C content [Bracewell etal., 
1930, 1, 2] that the antiscorbutic potency of the Bramley’s Seedling variety 
was'very much greater than that of a number of other varieties examined. The 
striking nature of this observatiozr was stressed by the writers at the time 
Attention was then drawn by Prof. J. B. S. Haldane and later by Dr J T 
Bregger, Extension Horticulturist of the State College of Washuigton, PuUman, 
Mashuigton, to the fact that the Bramley’s Seedling was the only variety 
amongst those investigated which was a triploid (51 chromosomes in the somatic 
tissue), whilst the others were diploid varieties (34 chromosomes in the somatic 
tissue). Acting on this suggestion, Crane and Zilva [1931; 1932] made a com- 
parative study of a number of triploid and diploid apples. They found that in 
both forms thei’e was a variation in antiscorbutic activity amongst the varieties 
tested, but that the most active apples fell within the triploid category. The 
striking feature, however, was that certain triploid fruits showed as "low a 
vitamin C content as some of the least active diploid apples and conversely 
that certain diploid varieties were as active, if not as the most active triploid 
apples, at least as some of the moderately active fruits of this category In 
interpreting the results it was, therefore, difficult to arrive at a clearmut con- 
clusion. Crane and Zilva, nevertheless, considered the evidence as favouring 
the theory that a higher vitamin C content was associated with a higher number 
of chromosomes in the somatic tissue in the apple. 

It is plain that conclusive evidence could only be obtained by comparmo- 
the polyploid and the diploid form from which the former was derived. Such 
comparison could not conveniently be made in the case of the apple. Crane 
and Zilva therefore suggested that fruits in which polyploidy could be induced 
with ease should form the future experimental material. In consequence the 
presGnt authors chose the tomato as a starting-point. 

1 Member of the Scientific Staff of the Medical Research Council. 


1936 


F. -W. SANSOME AND S. S« ZILVA 


The experemental material. 

The normal tomato is a diploid witii 24 somatic ciiromosomes, but it is 
found tliat when this form is decapitated, about 7 % of the adventitious shoots 
■which arise in consequence of this treatment are tetraploids with 48 somatic 
chromosomes. 

The contrasting characters used in this experiment were tall (D) and 
dwarf (d), red-fleshed fruit (E) and not red-fleshed (yellow) fruit (r). Through 
linkage phenomena the tall plants were also of the constitution 0 (round fruit), 
P (smooth fruit-skin) and the dwarfs were o (oval fruit) and p (rough skin). 

The above diploid stocks of the genetic constitutions DOPE, dopr, DOPr 
and dopE were induced to form tetraploid shoots by the above method dis- 
covered by Winkler [1916] and developed by Jbrgensen and Crane [1927]. 
Self-fertilisation of the diploid and tetraploid plants thus obtained therefore 
produced progeny of comparable constitutions in these four genetic categories, 
i.e. tali red, dwarf yellow, tall yellow and dwarf red. All these characters are 
known to be inherited accordhig to Mendeliaii laws [cf. Lindstrom, 1925; 1932; 
McArthur, 1931]. The production of the experimental material is presented 
diagrammatically in Fig. 1. 


Diploid 
stocJi plant 






diploid 
" seed 


tetraploid 


4/2- plant 


Fig. 1. 1, Xormal diploid [2n) tomato (24 chromosomes). 2, Diploid cut back at a giving rise to 
shoot b (diploid) and shoot c (tetraploid). 3, Diploid plant raised vegetatively from''shoot h 
of 2. 4, Tetraploid plant raised vegetatively from shoot c of 2. Seeds from 3 and 4 supplied 
respectively diploid and tetraploid material for this investigation. 


The ahtamin C tests. 

The comparison of the vitamin C contents was carried out on the juice of 
the tomatoes, since the utilisation of the intact fruit might have yielded mis- 
leacflng information owing to variations in the jiiiceless pulp. Preliminary ex- 
periments carried out in 1932 revealed that in order to obtain truly comparable 
results several precautions had to be taken in carrying out the -fcests. One of 
the chief of these was against the instability of the vitamin in the juice. Very 
marked losses were recorded when the tomato juice was stored even at —20° 
for any length of time, a temperature at which the activity of many fruit tissues 
and juices is moderately stable. Further complications arising out of a difference 
ill stability of the vitamin in juices originating from fruits of different consti- 
tutions could also not be excluded. As a result of several trials, the following 
procedure was finally adopted. The fruit w8iB picked from plants growing in 
adjacent rows at Merton twice a week. The juice was prepared daily immediately 
before its administration tc the experimental animals. The tomatoes were 
averaged as to size, as far as possible, and also as to degree of ripeness, before 
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being placed in a refrigerator at — 20° the day previous to the preparation of 
the juice. To each 50 g. of the frozen tomato 20 g. of sand were added and the 
mixture finely ground. After squeezing tlirough muslin, the residue was well 
ground again. The squeezed out juice was then added to the ground residue, 
ground once more and again pressed out through muslin. After centrifuging, 
the resulting yellow juice was administered to the animals without dela}^ 
A yield of juice equivalent to 80 % or more of the original weight of the tomato 
is thus obtained and the entire procedure does not take more than 30 minutes. 
The details of the biological test method have been given in previous com- 
iiiiiiiications. 

Chemical data. 

Owing to the limited quantity of experimental material at our disposal we 
were unable to examine it in great detail. This we hope to do when more material 
is available. We have nevertheless obtained a certain amount of information 
ill this connection about the juices tested wdiicli has some bearing on this 
investigation. 

H ion concentration. This was daily carried out colorimetrically, immediately 
after the preparation of the juice. There wms little variation in the acidity of 
the juices. Those from diploid tomatoes show^ed a value of 4*2-4“4, very 
exceptionally 4-6. The tetraploid juices were slightly more acid, about pjj 4-6. 
The acidity of both forms was probably due to the presence of weak organic 
acids since an appreciable quantity of ammonia was required to bring the 
solutions to 7-0. 

Indophenel-red/ueing capacity. As has been usual for a number of years in 
this laboratory, the juices \¥ere titrated daily with indophenol (dimethylamiiio- 
phenyliiidoplienol) just before they were administered to the experimental 
animals. In these tomato juices, although it would be unsafe to generalise, there 
is some proportionality between the capacity of reducing this indicator and the 
antiscorbutic activity. It is therefore of interest to examine the titration results. 
Space does not permit citation of all the figures, hut in Table I there are pre- 

Tabie I. Titrations cc. ’N/IOOG indophenol per cc. of juice. 


Tetrapioids ■ Biploids 


dPo p 

DMOP 

drop 

Dr OP 

( 

dRop 

DROP 

drop 

DrO^P 

3-3 

3-2 

3’1 

3*2 

2-5 

2-3 

2-8 

2*0 

4-i 

4*5 

3*0 

4-5 

1-7 

1-6 

2-4 

1*9 

4-5 

4-8 

4-C> 

4-9 

2-0 

2-0 

2*7 

2*0 

4-8 

4-9 

4:’5 

4*5 

1*6 

1-7 

B9 

1*6 

4*1 

5*3 

4*7 

4-7 

1-7 

2-6 

2*6 

2*3 

4'2 

4-7 

4-3 

4-1 

2-0 

2-3 

2*6 

2*6 

3-9 3-0 

Average for test : 

3-4 

3-1 

2-9 

3-3 

3-4 

3*2 

4*1 

4-3 

4-0 

4-1 

2-0 

2-3 

2*6 

2*2 


sented the weekl}^ averages and the averages for the entire test. These figures 
are representative since there was little variation and consequently not iiiiicii 
deviation from the average in the reducing capacity of the individual juices 
from day to day; extreme figures were obtained only rarely. 

If it were assumed that the entire reducing capacitj?' were due to ascorbic 
acid and that none of the “reversibly oxidised” form of the compound were 
present the tetrapioids wBukl contain 35 mg. and the diploids 20 mg. per 100 cc. 
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Tetraploid 


Diploid 



Tetraploid Diploid 



Fig. 3. 


C. = chloroformed 
4- =died 
S. = scurvy 
S.S. — slight scurvy 

—onset 


V.S.S. =very slight scurvy 
hr. = normal 
no S. =no scurvy 

I. =mtercurrent infection 
of clinical symptoms of scurvj". 


Weight g. Weigljt 
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Tetraploid Biploid 



Fig. 4. 


Tetraploid Diploid 



Fig. 5. 

C. = chloroformed V.S.S. = very slight scurvy 

-h = died N. = normal 

S . = scurvy no S . = no scurvy 

S.S. = slight scurvy I. = intercurrent infection 

^ L onset of clinical symptoms of scurvy. 
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of juiee. It will be seen later that the biological result was of a similar order 
ill each case. , 

Dry matter. These estimations were not carried out dail}^ but on several 
occasions during the progress of the test. The figures are given in Table II. 
The clear-cut nature of the results is obvious. The juices from the tetraploid 
varieties contained in every case more dry matter than those from the diploid 
varieties. It is hoped to continue the study of the chemical nature of the Juices 
when more material is available. 



Tetraploids 

Table II. 

Dry matter ^4 

Diploids 


(IRop 

DEOP 

drop 

Drop 

d Pop 

DROP 

drop 

Drop 

6-97 

6-76 

7-30 

8-25 

4-49 

4*41 

4-12 


— 

— 

6-71 

7-22 

— 



4-39 



7-82 

6'S8 

4-94 

5-10 

3-92 

3-86 

4-15 

4-24 

8-14 

7*94 

0-93 

7*66 

3*34 

3-95 

4-40 

4’53 

7-94 
Average : 

5-37 

5-92 

5-15 

4-56 

4-27 

5*06 

4-07 

7-72 

6*74 

6-16 

6-67 1-08 

Biological results. 

4-12 

442 

4-28 


These results are presented in Figs. 2, 3, 4 and 5 which give weight curves, 
clinical symptoms of scurvy and ^ost mortem details. The results are straight- 
foiward and need hardly any comment. In every case the potency of juice 
from tetraploids is about twice as great as that from diploids and the activity 
in each case appears to be independent of the genetic characters of the varieties 
tested. The diploid variety dopr may be somewhat more active than the re- 
maining diploid varieties. The corresponding tetraploid form, however, does 
not seem to possess a higher vitamin C content than the other tetraploids. 

^ Iiiterjireting the above results in terms of International Units and of ascorbic 
acid, the following data are obtained. In the case of the tetraploids, 1 cc. of 
juice gave rather better protection than is usually obtained with 1 cc. of deci- 
toted lemon juice and was about equal in potency to 0*5 mg. of ascorbic acid 
[Hirst and Zilva, 1933]. It accordingly contains rather more than 1000 I.U. 
or about 50 mg, of ascorbic acid per 100 cc. of juice. The diploid juices on the 
same basis of assessment contain somewhat more than 500 I.U. or about 25 mg. 
of ascorbic acid per 100 cc. of juice. 

It maj^ be noted here that 1 mg. of ascorbic acid has always so far been 
0 ■ ser\ ec ”^6 ^rather more active than 2 cc. of the average decitrated lemon 
juice (lO IU.) in this laboratory. As there is no significant variation in the 
response of the experimental animals in tests performed as above at different 
times, it may be safely assumed that this equivalence always holds true. 


Discussion ou results. 

The results presented in this communication leave little doubt that a coii- 
between polyploidy and vitamin C content in the tomato, which 
ur ei s lengthens the view of ^ Crane and Zilva that a similar relationship 
exis s a so in the apple. This raises some interesting speculations concerning 
e a er rui . It has already been mentioned that one of the diploids (Lane’s 

moderately active triploid apples. Is it 
possible that the very active triploid apples were derived from a diploid strain 
or strains with a similarly high antiscorbutic activity? Conversely, is the origin 
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of the triploid Gravensteiii with a very low vitamin C content to be traced to 
a diploid form with an exceptionally low antiscorbutic potency? 

The genes investigated in this research seem to have no bearing on the 
vitamin C content of the tomato. It is not, however, excluded that other factors, 
whether genetic or not, exercise such an influence. In fact we have obtained 
indications to this effect. For instance the wild tomato, S. racemigerum, which 
is a diploid shows a higher titration value with indophenol than do any of the 
tetra.ploicl varieties of L. escidentum so far investigated. If the indophenol- 
rediiciiig capacit}:^ should proA^e a reliable index of the antiscorbutic activity in 
this case, the higher Autamiii content of this Amriety must be due to genes rather 
than the number of chromosomes. 

The fruits from the tetraploid tomato plants are smaller than those from 
diploid plants but it is hardly likely that the higher concentration of vitamin C 
in the juice of tetraploids is indirectly due to the size of the fruit. We found 
that larger fruits showed if aiyything a higher indophenol-reducing capacity 
than the smaller ones belonging to the same plant and as was mentioned in 
this case the titration Amine was a fairW good indication of the antiscorbutic 
poteiic}" of the Juice. 

Reference must here be made to results recorded by Key [1933]. She 
examined one strain of each of a diploid and tetraploid tomato of comparable 
constitution for its Adtainiii C content by the tooth method and found no 
difference betAveeii their antiscorbutic actiAuties. Her results sIioaa^ further that 
the Adtamiii C content of tlie aboA^e strains of tomato and of a sample bought 
ill the open market Avas much loAA'er than that recorded by us. We are unable 
to explain these diAumgeiicies. 

Summary. 

The tetiuploicl and diploid forms of the strains of the tomato, DOPE, do-pE, 
dopr, DOPr, obtained liy the induction of polyploid method and subsecpieiit 
AmgetatiA^e propagation Avere examined for their vitamin C content by the pro- 
phylactic test. All the tetraploid strains AAmre found to be about tAAdce as acth^e 
as the diploids. The tetraploids contained rather more than 1000 International 
Units or 50 mg. of ascorbic acid per 100 cc. of juice. 

The aboA^e results strengthen the eAudence obtained by Crane and Zihm that 
in the case of apples there is a connection betAA^een the Adtamin C content and 
the number of chromosomes. 

There is no association betAA^^eeii the genetic factors BE, d^^E, Dr and dr 
and the A^itamin C content of the tomato. 
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It lias been known for a considerable period that though manj^ dried seeds are 
devoid of antiscorbutic activity, they acquire this property very readilv on 
germination. This observation, first made by Y^omig [17S2rquoted by Curtis 
1807], was demonstrated in the laboratory by Fiirst [1912].' Quantitative data 
in this connection were first provided by Chick and her collaborators In the 
case of peas (Pisum sativum) Chick and Delf [1919] found that young groivinc^ 
guinea-pigs could be fully protected from scurvy by adding as a supplement 
to their scurvy-producing diet 10 g., or in some cases 5 g., of peas which had 
been germinated for 2 days. 

Eecently the technique in winch the capacity of antiscorbutic solutions for 
reducmg mdophenols, introduced by Zilva [1927], has been utilised by several 
workers in the quantitative assessment of vitamin C, since this vitamin (Z-aseorbio 
acid) IS known to reduce these mdicators. This procedure is open to grave 
objections not only because substances other than ascorbic acid can reduce 
these indicators, but also on account of the fact that ascorbic acid is capable of 
existing m an oxidised form which possesses a very high antiscorbutic activity 
but wliicli IS incapable of reducing indoplienols. 

Harris and Ray [1933], on the basis of indophenol titrations of trichloro- 
acetic acid extracts, record the following values for the ascorbic acid content 

of germinated peas. 


Seed peas, before germination 

sj soaked 24 lirs. (not germinated) 

” » 48 ,, (germinated) 

’’ 72 ,, (germinated) 

’’ .-j 96 „ (germinated) 


Ascorbic acid content 


mg. per g. 

0-00 

0-08 

0*69 

0-82 

0-86 


mg. in single 
seed or seedling 

0-00 
0-02 
0-2 1 
0*26 
0-27 


[1932; 1933, 1, 2] state that extracts obtained from 
dried fresh green peas and from pea seedlings varying in age from 7 to 32 davs 

ftxtraS capacity for reducing indophenol. In the case of an 

seedlmg this reducing capacity was increased ninefold by 
with hydrogen sulphide, but even then its value was considerably less 

Stwfor biological activity. The spectrophotometric 

estimation of the ascorbic acid content of the extract before treatment with 

of ® appeared to show that it contained 100 times the amount 

substance indicated by the indophenol titration. On the basis of these 
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observations Euler suggests that the ascorbic acid in the germinating seedling 
is bound to ''Hemmiiiigstoffe/’ presumably in such a manner as to inhibit its 
reducing properties, from which it is liberated by hydrolysis in the animal body. 
So far, lioAvever, his experiments with various eiizjunes in vitro have failed to 
substantiate this opimon. 

The experiments to be described here were undertaken in order to ascertain 
firstly whether a c[iiaiititative relationship exists between the indoplienol- 
rediiciiig capacity and antiscorbutic activity of extracts of peas in the early 
stages of germination and secondly, if no such relationship exists, whether this 
is due to the presence of an active oxidised form of the vitamin in the young 
seedling. Evidence will be produced which shows that the indophenol-rediicing 
capacit}^ of extracts_^is no true index of the antiscorbutic potency of the seedlings 
from which they were obtained and that the formation of the active oxidised 
form of the vitamin during the earh^ stages of germination is unlikely. 


ExPEBIMBiXTAL. 

Indopheml titrations of pea extracts. 

In all cases, titrations were made with A^/1000 indophenol (p-diinethylainiiio- 
plieiiyiindophenol) which was standardised against titaiioiis chloride. Titrations 
in acid solution were usually carried out by adding 1*0 cc. of 80 % acetic acid 
to 5 cc. of neutral extract. 

I. Dried peas (Pisum sativum). 

The dried peas were ground in a mill and then passed through a sieve to 
remove the skins. The sieved product was then milled to a fine flour. All the 
extracts described below ivere prepared from this flour, typical examples of 
each series being given below. 

(a) Aqiimus extract. 5 g. of pea flour were ground in a mortar for 10 minutes 
with 25 cc. of water and the mixture then left to stand for half an hour, after 
which it was centrifuged. The reaction of the supernatant liquid was adjusted 
to pjj 7*0 with dilute ammonia. The extract was turbid and yellow-green in 
colour. 

1 g. equivalent of the pea flour reduced 8-0 cc. of ATIOOO indophenol. The 
rate of reduction was relativel^^ high at first but slowed dowm consider abl}" 
towards the end. Titrations in acid solution were vitiated by the separation of 
a voliimiiio'iis precipitate. A similar precipitate also separated on the addition 
of alkali. The extract did not reduce ammoniacal silver nitrate solution but it 
gave a inarked iiitroprusside reaction. 

(h) Phosphate extract. 5 g. of pea flour were extracted with 25 cc. of 0*87 % 
K 2 HPO 4 solution (Thiinberg's solution) in precisely?- the same manner as the 
above. This extract was similar in appearance and properties to the aqueous 
extract. 

1 g. equivalent of pea flour reduced 8*0 cc. of A 7 IOOO indophenol in a similar 
manlier to the previous extract. 

(c) TricMoroacetic acid extract. 20 g. of pea flour were extracted in the above 
manner with 50 cc. of 5 % trichloroacetic acid. The deep green -coloured liquid 
was adjusted to neutrality with ammonia and centrifuged. A clear light yellow - 
green extract wms finally obtained. 1 g. equivalent of the pea flour reduced 
2-5 cc. of A 7 IOOO indophenol quickly in acid solution and the same amount 
rather slowly in neutral solution. The extract gave a iiitroprusside reaction. 
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It also deposited fine sharp-pointed needles on making alkaline with ammonia. 
It did not reduce ammoniacal silver nitrate solution. 

(d) NjlG sidfhiinc acid extract. This extract was obtained from 20 g. of 
pea flour and 50 cc. of N/IO sulphuric acid by the same procedure as above. 
The neutralised extract was similar in character and properties to the trichloro- 
acetic acid extract. 1 g. equivalent reduced 2*5 cc. of xV/1000 indophenol in 
acid solution and 3-8 cc. at a slower rate in neutral solution. 

(e) Protein-free aqmons extract. The rather low reducing capacity of the last 
two extracts seemed to show that this condition was associated with the absence 
of protein, indeed the removal of protein from aqueous extracts caused a 
diminution of their capacity for reducing indophenols, as will be seen from the 
following examples. 

20 g. of pea flour were extracted with 50 cc. of ^vater as previously described. 
Ill order to free it from protein the extract was acidified with 0*5 cc. 80 % acetic 
acid and centrifuged. The supernatant liquid was then decanted, heated to 
boiling-point, cooled and filtered. The filtrate was adjusted to neutrality with 
ammonia and filtered from the small amount of flocculent precipitate which 
separated. The final solution was clear and green-yellow^ in colour. 1 g. equivalent 
of pea flour reduced only 2*5 cc. of NjlOOQ indophenol in both acid and neutral 
solution. The extract wms also similar in properties to the acid extracts. 

(/) Proteinfree phosphate extract. This extract wms prepared in the same 
manner as the previous extract from 20 g. of pea flour and 50 cc. of 0*87 % 
K2HPO4 solution. It had the same character and reducing properties as the 
aqueous extract and possessed the same capacity for reducing indophenol. 

In all these extracts, the intensity of the nitropriisside colour appeared to 
be proportional to the capacity for reducing indophenol and the aiiiount of the 
crystalline precipitate obtained with ammonia from the protein-free extracts 
wms ahvays greatest in those which gave the most intense iiitroprusside reaction. 
The presence of a reducing substance other than ascorbic acid, wdiich w^oiild 
reduce indophenol, was anticipated from the work of Kozlowski [1926; 1931] 
who isolated from peas a compound which contained cysteine and resembled 
glutathione. Whether the reducing substance met with here is identical with 
the one which Kozlow^ski isolated from peas has not been determined, but the 
crystalline material precipitated from the protein-free extracts by ammonia 
certainly resembles a similar substance w^Mch he found associated wdth liis 
gliitathioiie-like compound and which evidently can be obtained from the latter 
by hydrolysis. 

II. Germinated peas. 

The peas were soaked for 24 hours and then spread out on a layer of w^et 
clean silver sand and lightly covered with drier sand so that they could respire 
freely, ilfter 3 days, the seedlings w^ere taken up, washed free from sand and 
the skins removed before extracts were prepared from them. The sand was ivell 
washed after each germination. 

Taking the dry weight of the seed peas as 100 % , the average dry -weights 
of some 30 batches of soaked and germinated seeds were 53 % and 43 % respec- 
tively. The average length of the radicles of the same hatches of seedlings was 
4-2 cm. The variations from these averages w^ere small. 

(a) Aqueous extract, 25 g. of germinated peas were finely ground in a mortar 
with 10 g. of clean sand and 50 cc. of water. The residue obtained by squeezing 
the mixture through muslin was again ground until it was uniformly fine. The 
watery extract was then added to it and the mixture well ground once more, 
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after wMcli it was left to stand for half an hour. It was finally squeezed through 
muslin and the liquid centrifuged. The resulting extract, which was almost 
neutral 6-0) was j^^ellow-green in colour and turbid. The addition of acids 
or alkalis caused the separation of a bulky precipitate. The titrations varied 
a great deal and only a few of the extracts gave a nitroprusside reaction. None 
of them reduced amiiioniacal silver nitrate in the cold. The average titrations 
of 35 such extracts were l-l cc. and 0*9 cc. A 7 IOOO indophenol at acid and 
neutral reaction respectively^ per g. equivalent of germinated pea. 

( 6 ) Phosphate extract. This extract was prepared in the same manner as the 
above, except that the germinated peas were extracted with 50 cc. of 0*87 % 
K 2 HPO 4 solution. The extract, wdiich was darker in colour than the aqueous 
extract, invariably gave a nitroprusside reaction and lil^e that extract it did 
not reduce ammoniacal silver nitrate in the cold. It was also almost neutral 
ill reaction and gave heavy precipitates with acids and alkalis. The indophenol 
titrations in this case were fairly uniform. The reduction of the indicator, 
however, was a composite effect which w^as due to at least two reducing sub- 
stances. One of these substances, like ascorbic acid, reduced the indicator very 
quickly in acid and more slowly in neutral solution. The other, which was 
most probably the substance wiiicli gave the nitroprusside reaction (possibly 
Kozlowski’s glutathione compound), reduced the indicator at a slower rate at 
both acid and neutral reaction. The average titrations due to the rapidly re- 
ducing substance or substances of 35 such extracts were 2*65 cc. and 2*5 cc. of 
A 7 IOOO indophenol at acid and neutral reaction respectively per g. equivalent 
of germinated pea. 

(c) Trichloroacetic add extract. 50 g. of germinated peas were extracted vdtii 
75 cc. of 5 % trichloroacetic acid by the same procedure as above. After ceiitri- 
fiiging, the extract was neutralised with ammonia and filtered. The final solution 
was light gTeen-yellow in colour and slightly turbid, due probably to the starch 
which it contained. It invariably gave a nitroprusside reaction and deposited a 
crystalline substance (sharp -pointed needles) on making alkaline with ammonia, 
which was identical with that obtained from the dry pea flour. Its ability^ to 
reduce ammoniacal silver nitrate was doubtful, it inhibited the reduction of 
this reagent by decitrated lemon Juice. 

In the case of this extract, the extent of the reduction of indophenol by^ the 
substance or substances which reduced it rapidly^ w’-as more easily^ ascertained 
than in the case of the phosphate extract. 1 g. equivalent of the extract had, 
thus, an average titration of 2*2 cc. of A 7 IOOO indophenol at both acid and 
neutral reactions. 

(d) Sulphuric add extract. 50 g. of germinated peas were extracted with 
100 cc. of iV/lO H 2 SO 4 in the same manner as in the case of the trichloroacetic 
acid extract. The final preparation was clear and contained no starch. Its 
properties were usually^ the same as those of the previous extract though it 
generally^ gave a more intense nitroprusside reaction than the trichloroacetic acid 
extract and deposited a greater abundance of the needle cry^stals on making 
alkaline with ammonia. 1 g. equivalent of the germinated peas reduced quickly 
2*0 cc. A 7 IOOO indophenol at both acid and neutral reactions. 

(e) Aqueous cyanide extracts. It is now well known that the oxidation of 
ascorbic acid is greatly retarded by the presence of cyanides [Szeiit Gyorgyi, 
1928; Euler, Myrback and Larsson, 1933]. It was, therefore, desirable to 
examine extracts prepared with solutions containing cyanides. The extract was 
obtained from 25 g. of germinated peas with 50 cc. of water containing 1 cc. 
of 5 % NaCN solution by the procedure already described for the simple aqueous 
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extract. The protein was removed from it with acetic acid in the same manner 
as ill the case of the aqueous extract of dry pea flour. The final preparation was 
very similar in all its properties to the sulphuric acid extract described above. 
All average of several titrations showed that 1 g. equivalent of germinated peas 
rapidly reduced 24 cc. and 2-6 ce. A/1000 indoplieiiol in acid and iieiitral 
solution respectively. 

if) Cyanide-phosphate extracts. The procedure followed here was precisely 
the same as in the previous case. A mixture of 1-0 cc. of 5 % NaCA and 8-5 cc. 
of 0*87 % K2HPO4 solutions diluted to 50 cc. wms used to extract 60 g. of 
germinated peas. These preparations gave a more intense nitroprusside reaction, 
deposited more crystals 011 making alkaline with aninioiiia and had, consistently, 
a greater capacity for reducing indophenol quickly than the corresponding 
aqueous extract. The indophenol titrations were quite uniform. The averages 
for 42 such extracts per g. equivalent of germinated peas were 3-0 cc. and 34 cc. 
N /1 000 indophenol in acid and neutral solution respectively. 

The effect of hydrogen sulphide on various extracts of germinated peas. The 
presence in these extracts of the active oxidised form of the vitamin, which is 
incapable of reducing indophenol, was next considered. Attempts were made 
to convert any such form, if present, to the reduced form by treatment with 
hydiogeii sulphide. Three extracts were used (1) trichloroacetic acid, (2) depro- 
teiiiised aqueous extract, (3) deproteinised cyanide-phosphate e^xtract. The treat- 
ment with hydrogen sulphide carried out in the manner previously described 
[Johnson, 1933]. Table I shows the reducing capacities of these extracts before 


Extract 

Aqueous extract 
Trichloroacetic acid extract 
Cyaiiide-phospliate extract 


Table I. 


cc. A/ 1000 indophenol reduced by 
1 g. equivalent 


^ , , 

Before treatment with 
hydrogen sulpliide 

^ \ ^ 

Acid Neutral 

solution solution 


After treatment with 
hydrogen sulphide 

Acid Neutral 

solution solution 


0-0 

0-0 

1-8 

1-8 

2-3 

2-3 


0-3 0-3 
2-0 2-0 
2-5 2‘0 


and after treatment with hydrogen sulphide. The small increments shown cannot 
be considered significant. 

Distribution of indaphenol-reducing mbstances between cotyledons and radicles 
of germitMed peas. 70 g. of germinated peas were divided into cotyledons and 
radicles. Ihe former weighed 60 g. and the latter 10 g. 

The cotyledons were extracted with 50 cc. of 5 % trichloroacetic acid in 
the manner already described. The neutralised extract, which was clarified with 
a small amount of alumina gel, gave a marked nitroprusside reaction and de- 
posited needle crystals with ammonia in good yield. 

1 g. equivalent reduced 3-3 cc. of A 7 IOOO indophenol quickly in acid solution 
and 3-5 ec. m neutral solution. 

The radicles were extracted with 20 cc. of 5 % trichloroacetic acid in the 
same maimer as the cotyledons. 

1 Til preparation, which was only faintly coloured, gave only a very 
ou 3 , u mtroprusside reaction, and deposited an exceedingly small amount of 
1 ^ddmg ammonia. 1 g. equivalent reduced 4-3 ce. and 4-5 cc. 
iV/lUOO indophenol quickly at acid and neutral reaction respectively. 
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There appeared to be only one indoplienol-rediicing substance present in 
the radicles judging from the decisiveness of the end-points in the titrations 
and the absence of substances giving a nitroprusside reaction. 

It will be seen that though the radicle has a greater indophenol-rediicing 
capacit 3 r per g. than the cot^dedons, the latter nevertheless possess 5/b of the 
total amount of the reducing substances. Whether this ratio represents the 
distribution of ascorbic acid, can only be decided by future work. It may be 
that the reduction of indophenol in the case of the extract of the radicle is clue 
only to ascorbic acid but this does not seem to be the case with the extract of 
the cot 3 dedoii. 

Biological tests. 

It was not possible to examine all the above preparations biologicall 3 ^ for 
vitamin C content. Representative experiments were, therefore, performed 
which were calculated to shed some light on the quantitative relationship 
between the biological activit 3 r and the reducing capacit}^ 

( 1 ) Dried peas. To four guinea-pigs kept on the usual basal diet used in 
this laboratoiy, a daily dose of 2*5 g. of uiigerminated peas wms given in the 
form of flour. All the animals succumbed in the usual wa 3 ^ to sciirv 3 ^ within 
the usual time. 

(2) Germinated Dail 3 r doses of TO, 2*5 and 5-0 g. were tested in this 
case and the results are given in Fig. 1 . Under the conditions of germination 



+ = died I . “ intercurrent infection 

8.:^= scurvy • i i • 

S.S. =slight scurvy : =heginnmg of dosing 

V.S.S. =very slight scurvy t = onset of clinical symptoms of scurvy. 

described above the peas were found to contain about 43 % of dry matter. 
There was no serious deviation from this figure. 

(3) Aqueous extract. Three guinea-pigs were used in this experiment, A daily 
dose of an equivalent of 2*5 g. of germinated peas dela 3 ^ed somewhat the onset 
of scurvy, but all the animals died of the disease between 40 and 45 days. The 
daily dose of this extract reduced about 2-5 cc. of A 7 IOOO indoplienol. dose 
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of ascorbic acid of an equivalent reducing capacity (about 0-25 mg.) would 
liave afforded very mucli better protection [cf. Hirst and Zilva, 1933]. 

(4) Phosphate extract. Daily doses of an equivalent of 2*5 g. of geriniiiated 
peas were tested on three guinea-pigs and as will be seen from Fig. 1, the pro- 
tection was very much less then than that obtained with 2*5 g. of germinated 
peas. Furthermore, the average dose reduced about 6*0 cc. of iV/lOOO iiidophenol 
which should be equivalent to 0*5 mg. of ascorbic acid. The antiscorbutic potency 
of this dose, however, falls some-what but definitely short of that observed with 
0-5 mg. of ascorbic acid [Hirst and Zilva, 1933]. The titration value of this 
extract gives, therefore, no quantitative index of the antiscorbutic potency of 
the germinated peas from wdiich it was obtained since, in the first place, the 
vitamin is not thoroughly extracted and, secondly, the reducing capacity of the 
extract is apparently not entirely due to ascorbic acid. It should be pointed 
out that these extracts were prepared for the best part of the duration of the 
test from the germinated peas tested above. 

(5) Cyanide-phosphate extract. These results are also given in Fig. 1. The 
average daily dose which was equivalent to 2 g. of the germinated peas reduced 
about 6-0 cc. of i\71000 indophenol. In this case also the equivalent extract 
■was less potent than the germinated peas from wliich it was obtained and its 
capacity for reducing indophenol wms rather higher than it would have been 
had the reduction been due to ascorbic acid alone. 

Discussion of eesults. 

Concerning the first aim of this investigation, namely, to ascertain whether 
a quantitative relationship exists between the indopheiiol-reducing capacity 
and the antiscorbutic activity of extracts of peas and the peas themselves, it 
may be said that the above results supply fairl}^ conclusive evidence. As was 
seen, the phosphate and phosphate -cyanide extracts showed only half of the 
antiscorbutic activity of the peas from which they were obtained. Furthermore, 
these extracts, as well as the aqueous extract, were found to be less active 
antiscorbutically than would have been expected if their capacity for reducing 
indophenol was due solely to ascorbic acid. There was present in these extracts 
at least one other reducing substance which, though it reduced indophenol 
more slowly than ascorbic acid in the last stages of the titration, reduced this 
indicator fairty quickly at the beginning of the titration, particularly when its 
concentration w^as relatively high. It is evident, therefore, that the presence of 
such substances would seriously vitiate the end-point of an ascorbic acid esti- 
mation by iiidophenol. 

It is highly probable that the other extracts (trichloroacetic acid and sul- 
phuric acid), which possessed reducing capacities of a similar order and which 
showed similar chemical properties to the above, would also be less potent 
antiseorbuticalhr than the peas from which they were obtained. 

With regard to the second problem of this investigation, it seems certain 
from the evidence obtained that the activity of the peas is due entirely to the 
reduced form of the vitamin. It was seen that treatment with hydrogen sulphide 
did not increase the indophenol-reducing capacity of the extracts as would 
have been the case if the active oxidised form of the vitamin had been present. 
Further, the presence of the latter would have imparted to them a higher aiiti- 
scorbiitic activity than would have been anticipated from the indophenol titra- 
tions instead of a lower. 

The lesser activity of the extracts than that of the peas from which the}?' 
were prepared can best be explauied on the grounds that it is not possible, by 
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tlie iiietliods usedj to extract tlie vitamin completely. This, incidentally, shows 
the ease with which misleading results may accrue from testing extracts instead 
of tissues. 

If it should be that a part of the vitamin is bound to “HemniuiigstofFe,’''’ as 
Euler suggests, it would seem most probable that such a complex would be 
insoluble or otherwise mextractable. 

The stabilising influence of phosphate on the vitamin, which is at present 
inexplicable, has already been indicated by the work of Euler, Mjnback and 
Larsson [1933]. 

Summary. 

1 . A number of extracts have been prepared from peas germinated for 
3 daj^s and both their indoplienol-reduchig capacities and their antiscorbutic 
activities have been determined. 

2. The extracts with even the highest indophenol-reduciiig capacity were 
found to possess only half the antiscorbutic activity of the germinated peas 
from which they were obtained. 

3. Aqueous, phosphate and cyanide-phosphate extracts were found to be 
less active antiscorbutically than would have been expected if their iiidopheiiol- 
rediicing capacity had been entirely due to ascorbic acid. 

4. Ail extracts from the germinated peas contain at least one substance 
other than ascorbic acid which reduces indophenoL 

5. No evidence was obtained wdiicii shows that the active oxidised form of 
the vitamin is present in the early stages of germination. 

6. The imgermiiiated peas, which showed no antiscorbutic activity wiien 
tested in quantities of 2-o g., gave extracts wdiich also reduced indophenol, 
though at a rather slower rate than ascorbic acid. 

My thanks are due to Dr S. S. Zilva for help and criticism and to the Medical 
Research Council for a whole time grant. 
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CCLXV. THE BODY FATS OF THE PIG. 

III. THE INFLUENCE OF BODY TEMPERATURE ON 
THE COMPOSITION OF DEPOT FATS. 

By HAERY KENNETH DEAN and THOIVLAS PERCY HILDITCH. 
From the. Department of Industrial Chemistry, University of Liverpool. 

{Revived November 7th, 1933.) 

Heneiqxtes and Hansen [1901] compared the setting-points and iodine values 
of fats from the leaf and from different layers of the back fat of a pig, which had 
been fed on barley. Erom the results (summarised below) thej^ concluded that 
the determining factor in the relative hardness or softness of the fats was the 
temperature of the site in which the fat had been laid down in the animal; 


Outer back fat 

Solidifying 

point 

°C. 

Iodine 

value 



Body tem- 
peratures 
°C. 

f outermost 

1 inner layer 

26-4 

60-0 

571 


fl cm. deep 

33*7 

34*8 

Inner back fat 



Back tissue ^ 

I 

f outer layer 

28-0 

51*8 


3 


j innermost 

27-7 

50*6 


l4 

u i \J 

39*0 

Perinephric fat 

29*6 

47*7 

Rectum 


39*9 


They obtained further support for this hypothesis by maintaining three pi^g 
from the same Utter for two months at different (but in each case approximately 
constant) temperatures— one at 30-35°, one at 0° and one at 0° but covered with 
a sheepskm coat: the iodine values of the outermost layers of the back fats from 
these animals, at the end of the period, w^ere respectively 69-4, 72-3 and 67-0. 

In previous parts of this series [Bhattacharya and Hilditch, 1931 ; Banks and 
Milditcli, 1932], HI tlie course of detailed analyses of fats from a number of pio-s 
fed on various diets, the differences in the amounts of component acids which de- 
termine the general hardness or softness of the fats as a whole were defined. Inter 
aha a,nd m agreement with Hemiques and Hansen, it was observed in all cases 
that the average composition of the outer layer of back fat (between the skin and 
the streak,” or thin layer of connective tissue) differed from that of the fat on 
t e inner side of the streak. This difference consisted in the presence of somewhat 
less stearic and palmitic acids, and of correspondingly greater proportions of 
oleic acid, in the fat of the outer as compared with the inner layer; the proper- 
tiOM of liiioleic and of myristic acid were almost the same in each laj^er. 

The primary object of the experiments recorded in the present paper was to 
ascertain whether the respective layers of fat on either side of the “streak” are 
homopneous, or whether there is a progressive alteration as the skiu is ap- 
proached; m other words, to extend the earlier work of Henriques and Hansen 
y obtammg more definite information concerning the component fatty acids 
m sucpssive lateral sections of the back fat of a pig by means of the modern 
ester fractionation procedure. For this purpose, the central portion of the 
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whole of the back fatty tissue from a very fat sow was divided into five laj^ers of 
approximately equal thickness (two from the ''outer” portion between the skin 
and "streak,” and three from the "inner” portion beneath the "streak”). 

The sow had been fed exclusively on a diet of maize meal, thirds and whey, 
and care was taken to select an animal which had not received any fish meal in 
order to exclude any possible entrance of marine oil acids from the latter into the 
body fat. The unusuaity high linoleic acid content and appreciable, if small, 
amounts of highly imsaturated acids of the C 20 and C 22 series observed by Banks 
and Hilditcli [1932] in the bod^r fats from a sow, whose food had contained 7 % 
of fish meal, had been attributed to the presence of the latter in the diet. In 
their proportions of linoleic and liigliiy imsaturated Cgo ^22 acids, lio\¥ever, 
the fats from the present animal were found to be remarkably similar to those 
of the previous case, and, as discussed later, it would now seem that, in these 
instances, the cause must be sought elsewhere than in the fish meal components 
of the feed. 

The fat was extracted from the tissues boiling them twice with acetone, 
after which the residual tissue was thoroughly pressed and finally wmshed three b 

times with hot acetone. The last traces of solvent were removed from the fats 
by heating under vacuum at 100°. 


Outer layer 
outside (‘'Outer I”) 
inside (“ Outer II ’0 
Inner layer 

outermost ( “ Inner I ” ) 
middle ( ‘ ‘ Inner II ” ) 
innermost (“Inner III”) 



Table I. 




)'! i 



Extracted fat 


Mixed 





M.p. (open 

acids 


Fat in 

Saponifi- 


setting- 


tissue 

cation 

Iodine 

tube) 

point 


0 ' 

/o 

equivalent 

value 


° C. 

1 i 

f' i 

66 

287'1 

70*4 

30*3 

37*7 

' if. 

72 

286‘9 

67*4 

33*3 

39*4 


91 

286*2 

62*9 

38*0 

40*8 


92 

286*3 

63*0 

38*3 

41*0 

1 ! 

88 

286*5 

62*8 

38*3 

40*9 

1 


The component acids present in each fat were determined by the same 
procedure (separation by means of the lead salts into "solid” and "liquid”’ 
acids, followed by fractional distillation under vacuum of the methyl esters of 
each of these groups of acids) as that followed in the previous study of so'w body 
fat [Banks and Hilditcli, 1932]. As in the latter case, the higher and the residual 
fractions from the methyl esters of the "liquid” acids possessed saponification 
equivalents and iodine values wiiicli indicated, in each instance, the presence in 
small amounts of iiigiity imsaturated acids of the and C 22 series ; their pro- 
portions were approximately calculated by the same method as that clesciibed in 
the paper cited. 

Since it lias recently been sliowui that palmitoleic, or a similar, acid occurs in 
small quantities in some body fats, for instance, in that of the rat [Banks et al. 
1933], a portion (91-6 g.) of the methyl esters of the "liquid” acids from fat 
'‘Inner III” of the present series ivas distilled separately from that employed in 
the main analysis. About one-thii’d of the whole (31-0 g.) was collected as a first 
fraction; this quantity was sufficient to include practically the whole of any 
imsaturated esters of acids lower in the series than oleic acid. This fraction was 
oxidised in acetone solution with potassium permanganate until practically all 
imsaturated material had disappeared and yielded 5-1 g. of almost saturated 
esters (iodine value 0*8, saponification equivalent 263*0). Since the original 
fraction oxidised had an iodine value of 89*8 and a saponification equivalent of 
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286-0, it follows that the unsaturated esters present therein must have had an 
iodine value of 107-3 and a mean equivalent of 292; the purest fraction of 
unsaturated esters subsequently isolated at a later part of the original 
fractionation had iodine value 107-0, saponification equivalent 294-0. Fronf this 
experiment it appears very unlikely that unsaturated acids of lower molecular 
weight than oleic acid occur in the body fat of the pig; if present, they cannot 
form much more than about 1 % of the component fatty acids. 


Table II. 


Acid 


Summarised data for component fatty acids of the sow back fats. 

Fatty acids (excluding 
uiisapoiiifiabie matter) 

A ^ 

?o ('vt.) % (mols.) 


Solid 

acids S 


Liquid 
acids L 


Total 

Outer I (outer layer, outside). (203*0 g.*) 



(33*7 %) 

(66*3 %) 




Mj^ristic 

0*27 

2*30 

2*57 

2*6 

3*1 

Palmitic 

22*61 

1*19 

23*80 

23*8 

25*6 

Stearic 

Oleic 

10*12 

0*70 

4d*o3 

10*12 

46*23 

10*1 

46*3 

9*8 

45*0 

Linoleic 

— 

15*13 

15*13 

15*2 

14*8 

Goo _22 unsatiirated 

— 

1*96 

1*96 

2*0 

1*7 

Unsaponifiable 

— 

0*19 

0*19 




Myristic 

Palmitic 

Stearic 

Oleic 

Linoleic 

^ 20-22 uiisaturated 
Uiisaponiliable 


M^’ristic 

Palmitic 

Stearic 

Oleic 

Linoleic 

C 2 o __22 unsaturated 
Unsaponifiable 


Myristic 

Palmitic 

Stearic 

Oleic 

Linoleic 

^ 20-22 unsaturated 
Uiisaponiliable 


Outer II (outer layer, inside). (201*7 g.) 
(37*0 %) (63*0 %) 


0*14 2*66 2*80 

22*84 0*58 23*42 

12*98 — 12-98 

L03 41*87 42*90 

— 15*59 15*59 

2*09 2*09 

0*01 0*21 0*22 


2*8 

23*5 

13*0 

43*0 

15*6 

2*1 


3*4 

25*1 

12*6 

41*8 

15*3 

1*8 


Inner I (inner layer, outermost). (203*7 g.' 


(39*6 %) 

(60*4 %) 

0*39 

2*53 

24*23 

0*57 

14*51 



0*47 

42*19 

— 

13*85 

— 

1*06 

— 

0*20 

Inner II (inner 

layer, middle). 

(39*7 %) 

(60*3 %) 

0*20 

2*57 

24*44 

0*97 

14*49 



0*57 

40*70 

— 

14*46 

— 

1*44 

' — 

0*16 


2*92 2*9 3*5 

24*80 24*9 26*6 

14*51 14*5 14*0 

42*66 42*7 41*4 

13*85 13*9 13*6 

L06 1*1 0*9 

0*20 — — 

(200*8 g.) 

2’77 2*8 3*3 

25*41 25*5 27*3 

14*49 14*5 14*0 

41*27 41*3 40*1 

14*46 14*5 14*2 

1-44 1-4 1*2 

0*16 — 


Myristic 

Palmitic 

Stearic 

Oleic 

Linoleic 

^ 20-22 unsaturated 
Unsaponifiable 


Inner III (inner layer, innermost). (310*0 g.) 


(39*3 %) 

(60*7 0; 

0*08 

2*92 

23*78 

0*72 

14*53 



0*90 

41*84 

— 

13*66 

— 

1*40 

0*01 

0*16 


3*00 

3*0 

3*6 

24*50 

24*6 

26*2 

14*53 

14*5 

14*0 

42*74 

42*8 

41*6 

13*66 

13*7 

13*4 

1*40 

1*4 

1*2 

0*17 

— 




* Weight of mixed fatty acids employed in the analysis. 
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Apart from these points, the fractionation analyses followed our usual practice, 
and it is perhaps sufficient (owing to considerations of space) to summarise the 
results (Table II) in the form adopted in several recent communications from 
this laboratory. 

The relationships between the various component acids of this series of fats, 
compared on the basis of molar percentages, will be seen more clearly from the 
summary in Table III. 

Table III. 


(i) Molar distribution of individual acids. 


Fat 

Myristic Palmitic 

Stearic 

Oleic Linoleic 

'- 20-22 

Iinsaturated 

Outer I 

3-1 25-6 

9-8 

45-0 14*8 

1-7 

,, II 

3-4 25-1 

12-6 

41-8 15*3 

1-8 

Inner I 

3-5 26-6 

14-0 

41-4 13-6 

0*9 

. 11 

3-3 27*2 

14-0 

40-1 14-2 

1-2 

„ III 

3-6 26-2 

14-0 

41-6 13-4 

1-2 


(ii) Molar percentages 

of the various groups of acids. ^ r 1 r 

* ^ Molar ratio of 


Total 

Total 

saturated to 


saturated acids 

acids 

Stearic acid unsaturated acids 

Outer I 

38-5 

69-6 

9-8 

0-63 

,, II 

4M 

69-7 

12-6 

0-70 

Inner I 

44-1 

69-0 

14-0 

0-79 

» II 

44-5 

68-3 

14-0 

0-80 

,, III 

43-8 

69-0 

14-0 

0*78 


Discussion. 

Before comparing the differences between the successive layers of fat from 
the back of this animal, we would point out that all the five fats share in common 
an unusually high content of linoleic acid and also a proportion of highly 
uiisaturated C 20-22 ^cids which, though small, is definitely higher than the 
amount (up to 04 %) shown by Browm and Deck [1930] to be characteristic for 
normal lards. Further, so far as these particular acids are concerned, all the 
present fats display a great similarity to those previously studied from a sow 
whose diet had contained about 7 % of fish meal. 

Ill the present instance the diet cannot well account for these peculiarities. 
It is unlikely that fat present in the maize meal is a contributory factor since, 
although this fat is of a fairly unsaturated type, it is no more so than that of 
barley or oats, which have been employed by other workers and which in their 
experience have not given rise to this type of body fat in pigs. Moreover, the 
sow fats now in question show the normal proportion of palmitic and myristic 
acids, whereas the work of Ellis et al. [1931] showed, as the result of feeding 
cottonseed oil (a fat similar in linoleic acid content to maize oil) to pigs, that the 
proportion of palmitic acid in the hog back fats fell markedly as that of linoleic 
acid rose (with increasing proportions of cottonseed oil in the diet). In any case, 
of course, the appreciable amounts now observed of unsaturated Cgo and C 22 acids 
cannot be associated with any part of the diet. 

We are accordingly inclined to the view that the high linoleic acid and 
appreciable iinsaturated G 20-22 contents of the sow fats are due to some 
cause other than the diet. The most obvious difference in the two categories is, as 
a matter of fact, in the ages of the animals from which the fats were taken. In 
the studies of Ellis et al. [1926; 1930; 1931] on the body fats of hogs fed on 
rations low in fat, and also in those of Bhattacharya and Hilditch [1931], and in 
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other eases in which a low content of iinoleic acid (from 1 % to not more than 
about 8 %) has been observed, it is noticeable that the fats were taken from young 
animals not more than about seven or eight months old. The two sows, whose 
I fats have been exainuied and found to contain about 13-15 % of Iinoleic acid 

: ' and 1-2 of highly iinsaturated acids of the G^q and C 22 series, were probably 

several years old when slaughtered. It thus seems very possible that these 
general differences in body-fat composition may be connected with the age of the 
j animal rather than with its diet. 

Turning now to the component fatty acids of the different layers of back 
! fat from the same animal (Table III), it must be said that the composition of 

' each of the three “iimer ” layers is identical, or, at least, any variation is within 

the limits of experimental error of the ester-fractionation method. The part of 
the ‘'outer’’ layer next to the "imier” layer (but divided from it by the "streak”) 
is also very similar to the "inner” layers, but here the stearic acid content is 
definitely low^er. The outermost layer of all differs most in composition from the 
rest, for in this case the stearic acid content is about 4 units % lower, and the 
oleic acid correspondingly higher, than in the "inner ” layer fats. Both sections 
of the "outer” layer of fat also contain slightly less palmitic acid than the 
"inner” layers, but this difference is not so marked as in the case of the stearic 
acid figures. 

In Part II of this series of papers [Banks and Hilditch, 1932] it was pointed 
out that, ill the depot fats of pigs and cattle, the molar content of acids is 
always in the neighbourhood of 70 %, rising to about 73 % with very unsaturated 
fats and falling to about 65 % in the more saturated fats, and that the actual 
j degree of relative saturation is controlled, almost wholly, the relative propor- 

f tions of stearic and oleic acids (iinoleic acid being more or less constant in 

j proportion for different fats from different parts of the body of the same 

j ' animal). This feature is well illustrated by the present group of fats, in which 

the softer (outer) tats contain about 69*7 % of total C^g acids in their component 
acids, whilst the more saturated (inner) fats contain 69’0 % or somewhat less. 

I The main difference responsible for the difference in consistency lies in the 

! i varying proportions of stearic (9-8-14-0 %) and oleic (45*0-ca. 41-5 %) acids. 

The progressive increase m mean saturation and the close identity in com- 
position of ail the "inner ” layers of fat are perhaps best seen by reference to the 
final column of Table III (ii), in which the molar ratios of saturated to 1111 - 
,i saturated acids as a whole in each fat are given. 

On the whole, the present data confirm the conclusion of Henriques and 
Hansen that the increase in saturation {i.e. in stearic acid content) of the back 
fat follows the increase in body temperature. The figures given by these workers 
for the inner layers” of fat (iodine values 51*8 and 50*6) also indicate close- 
similarity in composition, although the respective body temperatures quoted 
were somewhat different, viz. 37*0° and 39*0°. In our experiments, the actual 
amount of fat of constant composition formed at least two-thirds of the whole 
' ■ back fat, and increasing unsaturation (oleic acid content) was only marked in 

^ J the extreme outer layers. Since, however, the total thickness of the back fat of 

, ' ;i our animal appears to have been greater than that of the pig studied by the 

^ earlier workers, we consider that this may well account for the minor differences 

between the two series of observations, and that our detailed analyses confirm, 
so far as the fat nearest the skin is concerned, the apparent connection between 
the fat composition and the body temperature which Henriques and Hansen 
pointed out. 

Cuthbertson and Tompsett [1933] have recently observed that the outer and 
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inner layers of the paiiniciiliis adiposus ahdominalis in obese human subjects 
possess substantially the same iodine values and suggest therefrom that an 
explanation of variation in fat composition based on dietarj^ considerations is 
more probable than one based on temperature differences. It would appear, 
however, that, in the case of human subjects, the effect of clothing would 
minimise any temperature differences. The results obtained by Cuthbertson and 
Toinpsett are accordingly of the nature which would be expected, in view of 
Henriqiies and Hansen’s experiment with a pig wrapped in a sheepskin. More 
detailed examination of the fat from human adipose tissues than the mere 
determination of iodine values would have been of extreme interest. 

We venture to add a few words upon the broader question of the supposed 
general dependence of fat composition in plants and in animals on the tempera- 
ture at which the fat is laid domi — a matter upon which there seems to be some 
confusion of thought at the moment. Thus, Hammond [1933] has recently said 
that Fat to be of use as a source of energy in the body must be Just fluid at the 
natural body temperature, and as a consequence the fat of cold-blooded animals 
(fish) is of very low melting-point, while the fat of the sheep which has a high 
body temperature (104° F.) is of higher melting-point than that of the bullock 
with a lower body temperature (101° F.).” Whilst it is clear that fats present in 
an animal (or plant) must be almost completely, if not wholly, liquid at the 
natural temperature of the organism, it does not necessarily follow that warm- 
blooded animals or tropical plants always produce fats of higher melting-point 
and more saturated character than cold-blooded animals or plants which are 
indigenous to cool regions. 

The instances of fats of fish, sheep and bullock given in the quotation, for 
example, should be considered in conjunction with those of such animals as the 
rabbit (body temperature 103-104° F.) or the hen (104-108° F.). Whilst sheep 
fat contains only about 40 % of unsaturated acids (mainly oleic), rabbit fat 
contains nearly 70 % , most of which is Imoleic acid, with appreciable quantities 
of still less saturated acids. Again, hen fat contains about 70 % of unsatiirated 
(oleic and iiiioleic) acids, in spite of the high body temperature of the bird; this 
fat is, indeed, almost completely liquid at room temperature. Further, the rat, 
with a body temperature of 100° F. (lower than that of the rabbit) contains 
about the same high proportion of unsaturated acids [Banks et al., 1933], but 
these consist almost wholly of oleic acid: the more unsaturated linoleic acid, 
present in great quantity in rabbit fat, is almost absent from that of the rat. 



It has also become usual to connect the liquid, very highly unsatiirated fats 
of fish with their low body temperature; yet marine mammals such as the whale, 
diigong (102-104° F.) or porpoise (96-98*6° F.) have bod}^ temperatures of the 
same order as those of land animals, whereas their fats are very ciosel}^ similar 
ill composition to the fish oils, and include the same series of highly iinsaturated 
acids. 

Similarly, the occurrence of fats, solid at the normal temperature of tem- 
perate regions, in the seeds of the members of a fairly large number of tropical 
plant families has led to the superficial generalisation that plants of tropical 
origin yield fats of high melting-point and those' of cooler regions fats of low 
melting-point. Low-melting vegetable fats are, in actual fact, common to both 
temperate and tropical plants, and, while it is obviously true that tropical 
families such as Palmae or Guttiferae yield solid seed fats with high contents of 
combined iauric, stearic or other saturated acids, it is equally true that many 
plants of exclusively tropical habitat produce seed fats of a liquid and highly 
unsaturated character. Familiar instances are those of Hevea brasiliensis ■ 
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(rubber seed oil), FeriUa ocimoides (perilla oil), Aleurites Fordii (CMiia wood oil), 
Couepia grandifiora (oiticica oil), Carthamus tinctorvm (safflower seed oil), 
Gossypium sp. (cotton seed oil), whilst many others might be given. 

No wide generalisation can therefore safely be drawn between temperature 
and the composition of natural fats as a whole. Fats wliicli are solid at the 
normal temperature of plants or animals are obviously incompatible with their 
conditions of life, but, of animals and plants which exist under relatively warm 
conditions, some utilise fats of a relatively saturated (solid) character, but others 
resemble the cold-blooded animals and temperate plants in having fats of a more 
iiiisaturated and liquid type. The chief correlation which at present seems possible 
is rather with their biological relationships and classification than with tempera- 
ture. 

Summahy. 

^ The back fat of a sow was divided into five layers and the composition of the 
mixed fatty acids present in each layer was determhied. The component acids of 
the three ‘’diiner” layers (on the underside of the “streak’') were found to be 
practically identical, but the outermost layer contained slightly less palmitic 
acid and about 4 % less stearic acid, these being compensated by the presence 
of correspondingly more oleic acid. The imier part of the “’outer" layer was 
intermediate in composition between the last-mentioned fat and the three 
“inner" layers, but resembled the latter more closely. 

The detailed analytical figures afford general confirmation of the conclusion 
of Heiiriques and Hansen [1901], that there is a close relation between increase 
in saturation of the fat and increasing body- temperature. At the same time, the 
greater part of the back fat now exammed (i.e. the portion beneath the “ streak ") 
was evidently completely homogeneous and made up of the same mixture of 
mixed glycerides containing constant proportions of the various component 
acids. 

Tlie animal, from whieh the present fat Mms obtained, had received a diet of 
maize meal, thirds and whey; but the depot fatty acids were characterised 
throughout by the presence of about 15 % of linoleie acid and 1-2 % of highly 
unsaturated acids of the Cjq and C 22 series. These values are probably not due 
to the diet of the animal but are characteristic of pigs of considerable age. 

^ The general statement, not infrequently encountered, that warm-blooded 
ammals and plants of tropical origin produce more solid, saturated fats than cold- 
blooded animals or plants from cool regions is shown to be only partially true. 

We are indebted to Dr E. M. Cruickshanlc for very kindly collectmg for us 
some of the information relating to the body temperatures of various a.nimalH . 
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CCLXVL THE SPECIFIC ROTATION AND 
STABILITY OF (2, 5)-FRUCTOSE FROM A 
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Although tlie sugars and polysaccharides have been successfully investigated 
by purely chemical methods in recent years, certain points in the complete 
elucidation of their structure remain obscure. For example, methods involving 
oxidation, reduction and methylation afford no clue to the type of linking be- 
tween sugar molecules, but by utilising enzymes of appropriate specificity it has 
been possible to assign a specific linking to the hexose molecules composing some 
of the commoner di- and tri- saccharides. 

The present communication concerns the use of yeast fructosaccharase as an 
agent in the elucidation of the specific rotation of (2, 5)-fructose as liberated 
from sucrose, and of the iinimolecular velocity constant of the change of (2, 5)- 
fructose to equilibrium fructose. 

From evidence derived by methylation procedure, sucrose appears to be 
1-(1, 5)-glucosido-2-(2, 5)-fructoside [Avery et al., 1927; Haworth et aL, 1927, 
1,2]. The configuration of the fructose 2-carbon atom is an open question. That 
of the glucose 1- carbon atom also is regarded by Haworth in the same light, but 
nevertheless there are the following reasons for assigning the (x-forni to the 
glucose component. 

(a) Hudson [1908] found that after an almost instantaneous hydrolysis of 
sucrose by invertase, the mutarotatory fall continued long after the miitarotatory 
effects due to the fructose portion were presumed to have ceased. (The imitaro- 


tation of normal fructose is much more rapid than that of glucose, and in the 
present instance, as will be shown, one reaction involved is even faster, viz. the 
change of fructofiiranose to fructopyranose.) Hudson concluded that the 
a-mutarotation at so late a period was due to a-glucose. 

(6) Sucrose is not hydrolysed by emulsin (jS-glucosidase). 

(c) According to Weidenhagen [1929], yeast maltase (a-glucosidase) hydro- 
lyses sucrose as rapidly as maltose at p^ 7, the optimum for the enzyme, but 
hydrolyses neither sucrose nor maltose at p^ 4*7, the optimum, for fructosac- 
charase (^-A-fructosidase), so that the reaction at p^ 7 was not due to the latter 
enzyme. If this is confirmed, it affords evidence of the presence of a-glucose in 
the sucrose molecule. 

Hudson [1909] could observe no striking change in rotation at the outset of 
liis very rapid hydrolysis, and he concluded that the combined rotations of the 
products were equal to that of the sucrose, Assuming the one component to be 
a-glucose, he calculated the specific rotation of the fructose component as follows. 

Since Ig. of sucrose ([oc] 2 )= +66°) yields 0*525 g. of glucose ([a] 2 )= +109°) 
and 0*525 g. of fructose ([a]p = ir), then 0*525 (109 + a;) = 66, i.e. x= +17°. 
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Hudson’s deduction from qualitative data is not entii-ely satisfactory, since 
nothing was known of the transformation of fructofuraiiose to equilibrium 
fructose; if this change were instantaneous or nearly so, it is evident that an 
inability to record an initial rise in rotation would be no foundation for the above 
calculation. The results obtained in the present investigation from strictly 
kinetic data, have, however, confirmed Hudson’s calculation and have shown 
that the change from fructofuranose to equilibrium fructose is unimolecular 
between 4-6 and 6-1. 

With suitable concentrations of yeast fruetosaccharase and sucrose, it is 
possible to obtain an accurately unimolecular inversion up to the stage of some 
60-70 % hydrolysis, and it is with data furnished during this period that the 
present investigations are concerned. The rotational change of the enzyme 
sucrose mixture, suitably buifiered, is followed polarimetrieaUv. To aliquot 
portions of the same reaction mixture is added from time to time dilute ammonia 
m suitable volumes to arrest hydrolysis and to accelerate mutarotation. The 
final rotations of these portions, after correction for the slight rotation of the 
enzyme preparation and the dilution by ammonia, mdicate the extent of inver- 
sion at the respective times. The results of such an experiment in which inversion 
^s carried to the end of the strictly unimolecular stage are given in Table I 
(Exp. 1) and shown graphically in Eig. 1, in which observed rotations are plotted 
against time. Curve (b) represents the rotation of the mutarotating solution 
curve (c) that of the mutarotated solution after applying the necessary corree- 
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tions, curve (a) that of unchanged sucrose plm mutarotating glucose, arrived at 
by calculation as indicated below. The difference between curves (a) and (6) at 
any time point therefore represents the rotation due to fructose at that instant. 
Curve (a) was arrived at from the following considerations — which apply only 
to the unimolecular period of the hydrolysis. Let a=initial amount of sucrose 
(g. in V ec.), (a -2g) = sucrose remaming after time t, q being glucose or fructose 
liberated in time t, uncorreeted for water taken up on hydrotysis. (The necessary 
correction is applied later.) ^ 

( 1 ), 

where is the unimolecular velocity constant of hydrolysis of sucrose. 

Differentiating dq=l.ks^.e-T^*dt (la). 

Now consider the mutarotatory change of a-glucose to a^S-glucose, wdich again 
IS a unimolecular reaction. Let the unimolecular velocity constant of this 
change be I'e ^ ^ 

(putting P 0 --P 00 =c), 

where , P and P 00 are the specific rotations of the glucose at times L , t and . 

From this, t> ?. f r. 

’ P=ce-V+P„ (2). 

Using P for specific rotations and p for actual rotations under observation, the 
rotation dp of dq grams of a-glueose after an interval of time t, will be: 

dp = '^ (ce-hi^+P^). 

Substituting the value of dq from equation (1 a) 

The total rotation p, of S dq grams of mutarotating a-glucose after time t will be. 




'-2v 


I dt^ 

-(7%+7flG)^ 


.( 3 ). 


h-h/jQ 

As an example, the values substituted m the case of Exp. 1 of Table I were 
a=20, ® = 150, c=Po-P^ = 111.2 - 62-5 = 58-7, 4=0-07, 4 = 0-0115. 

Value of kg was taken from the data furnished by Nelson and Beegle 
[1 J19J, who mvestigated the velocities of mutarotation of glucose and fructose 
at various temperatures and values of pn-) The values of p so obtained were 
^ since 19 g. of sucrose yield 20 g. of liexose. These values were 
a ec o e calculated i-otations due to unchanged sucrose at the corresponding 
tunes respectively and plotted to give curve (a). The difference in reading 
between curves (a) and (6) at any time gives the rotation due to fructose at that 
me. e this difference be P. Then the specific rotation of the fructose present, 
■e. e mean specific rotation of S dq, where each small increment is at a different 
stage of mutarotation, is Fvf^q. 

f ® foi" each experiment (Exps. 1-5, Tables I-II) 

and plotted collectively agamst time in Fig. 2. These curves express the relation 
fiml w of fructose produced at known unimolecular rate and 

fr. +i. file ordinate gives in all cases the value -f 15° to -t-17° 

r the specific rotation of the fructose as first liberated, i.e. for (2, 6)-fructose. 
ihis low positive rotation would suggest that the (2, 5)-fructose is in the ^-form. 
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Table II. 


Eeaction mixtures 

as in Exps. 1 and 2. Temp 

. 17°. 

Ratio 



Arbitrary 

o 

T"' 

! i 

L.H.S. 

Volume of enzyme 

Jc^ 

base 

times 

K.H.S. 

preparation 

(mean value) 

(mins.) 

fructose 

(equation 5) 

30 cc. 

0-0926 

0*9 

0-0 

0-94 



2-0 

-12-9 

0-96 



3-0 

-22-75 

0-96 



4-0 

-28-1 

0-97 



50 

-32-9 

0-99 



6-0 

-34-7 

1-03 



8-0 

-39-9 

1-08 




Mean 

0-99 

40 cc. 

0-1036 

1-0 

0-0 

0-96 



2-0 

-12-6 

0-97 



4-0 

-28-0 

0-96 



6-0 

-33-70 

1-04 



8-0 

-38-7 

1-09 




Mean 

1-00 

40 cc. of a more active 

0-112 

1-0 

— 

— 

preparation 


2-0 

- 10-5 

0-97 



3-0 

-20-1 

^ 1-00 



4-0 

-25-8 

1-00 



6-0 

-32-4 

1-06 



7-0 

-36*6 

1-09 




Mean 

1-02 

As in Exp. 5, but at 

0-0857 

1-0 

0-0 

0-97 



2-0 

-12-8 

1-04 


3-0 

-20-9 

0-96 



5-0 

-33*1 

0-98 



7-0 

-40-9 

1-00 



8*5 

-44*2 

1-01 




Mean 

0-99 


Exp. 6 (Table II, but not included in the graph) was similar to the others, but 
the reaction was allowed to proceed without added buffer, the pjg- being 6-1. 
Except that the value of /% was lower, the results, including the specific rotation 
of the friictofuranose, were similar to those of Exps. 1-5. 

The readings of the mutarotating sugars (curve (b). Fig. 1) lie, save for an 
initial lag, on a straight line, which on extrapolation, cuts the ordinate at a point 
higher than the theoretical initial reading (checked by controls) of the sucrose 
before commencement of the hydrolysis. However, in some 40 experiments in 
which the rotation of the enzyme-sucrose mixture was read 20-30 seconds after 
mixing, no initial rise in rotation was ever observed. Each curve {b) when 
plotted from the data furnished in Tables I and II exhibits an initial lag which 
is not exhibited by the corresponding curve (c), and is not due therefore to a 
tardiness in the production of glucose and fructose. The curve (6) does not pass 
below the curve {a) until this lag is over. At the point of separation, the specific 
rotation of the fructose is exactly zero, and is subsequently negative. Before this 
point, it must have been positive. This accounts for the lag in curve (b). If the 
curve (6) fell below curve (a) directly from the theoretical initial reading, it is 
evident that the fructose would always exhibit a negative rotation. 

It will be seen that the fall in specific rotation is less rapid for a rapid 
hydrolysis than for a slow one. If the change from (2, 5) -fructose to equilibrium 
fructose is unimolecular, the velocity constant kp can be calculated. To 
deduce the values of at various points along each curve in Fig. 2, and to show 


! 



i ' 


•' t 

fill 
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that hjp is not only constant for each individual curve, but the same for all the 
curves {i.e, independent of Ic^), would furnish striking coiifirinatioii of the 
validity of the deductions by which the curves themselves were derived. 



Kg. 2. The specific rotation of fructose produced unimolecularly in the hydrolysis of 
sucrose by huctosaccharase, at 17°, pjj 4-6l 


Calculation o/kp. 


By means of equation 3, the actual rotation of the glucose present could 

be evaluated. If tlie change from (2, 5)-fructose to equilibrium fructose is uni- 
molecular, we have a reaction comparable in its manifestation with the muta- 
rotation of the glucose. By substituting fructose constants in equation 3, and 
multiplymg each side by q since we are now dealing with specific rotation, 

an equa ion is obtained which represents the course of the curves in Eig. 2, 


?; 

•20 

19^ 




2 . 20 . 


■Pco + 


ha 

Aig + hx 




Ic^ + 


^ g (fcg+fcji') t 


%.e. 




rzT • 

-1- /i'F kii + kp 


This equation has no formal solution. By rearranging 


.(4). 


i + fp^ r^F-i 

j ^ 19a_J L _J ’ 

^ f equation and solving graphically, the value 

of fcp can be found. The values substituted were, P^, at 17° = — 92-3° P — -t- 17° 
c=+ 17-(-92.3) = +109.3°, and P at any ahfrra^y time fwa; Xd from 


1963 




SPECIFIC ROTxiTION OF ( 2 , 5)-FRUOTOSE 

Fig. 2. Graphical solution was effected in this way for one or two values of t in 
each curve of Fig. 2. It was found to vary only between the values 0*28 and 
O'SS. It was now necessary to see whether the substitution of the mean value of 
Icps viz. O-Sl, in equation 4 at every arbitrary time point of the curves of Fig. 2 
would give an accurate identity in all cases. 

Rewriting equation 4 as 

TQ^ + P«e-M-P«=~^(l-e-»s+M<) (5), 

ly Cl /fg + a-f 

n.H.S. B.H.S. 

and substituting l,’p = 0*31, and finding the ratio l.h.s./b.h.s. we obtain an idea 
of the extent of variation from the unimolecular ideal. It is obvious from the 
values of this ratio given in Tables I and II that there is only variation within 
reasonable limits and therefore that the assumption that the fructofuraiiose 
transformation is unimolecular is correct. 

Between 4*6 and 6*1, /jp = 0-3L The change of fructofuraiiose to equi- 
librium fructose is therefore by no means instantaneous. It is 27 times as fast as 
the mutarotatioii of a- or /3-glucose under the same conditions, and 3 times as 
fast as that of ^-(2, 6)-fructose. 

Assuming, as seems most probable, that the liberated fructofuraiiose is in 
the /3-form, its subsequent transformation may conceivably?- proceed in either or 

both of two directions, (1) to a-(2, 5)-fructose, (2) to (2, 6)-friictose. The latter , , ^ ^ 

transformation, which must involve the opening of the ring and temporary ^ 

formation of the keto-form (or a hydrate of this) would be relatively rapid owing : ’ 

to the instability of ^-(2, 5)-fructose. The former change, even if proceeding ■ ' ! 

independently, would not affect the latter since, presumably, both (2, 5) forms 'jl' j 

would tend to pass through the keto-form to (2, 6)-fructose, Finally^ the keto- i 

form would yield a- and ^-(2, 6) -fructose directty in normal equilibrium proper- ^ 

tions so that the relatively slow reaction velocity of mutarotatioii of (2, 6)- 
friictose would not limit the rate of change of fructofiiranose to equilibrium. 

There are certain reasons, into which it is not necessary?- to go, for belie-ving 
that equilibrium fructose contains a small proportion of one or both of the 
(2, 5)-forms. If this is so, the change from /3-(2, 5)-fructose through the keto-form 
to a/3- (2, 6) -fructose would cease at an equilibrium point, with a relatively?- small 
residual quantity? of (2, 5) -fructose which would finish presumably as ajS-(2, 5)- 
fructose, the j8-(2, 5)-form having changed to a-(2, 5)-form either through the 
keto-form or some other intermediate form. 

The hydrolysis of sucrose may^ then be represented thus : 

a-l-(l, 5)-glucosido-j8-2-(2, 5)-fructoside 
a-(l, 5)-gIucose -f 


a/S-(l, 5) -glucose 

Experimental. 

The sucrose employed was pure; M 2 > + 66-5°. The fructosaccharase was 
prepared from brewer’s top yeast by the method of Nelson and Bom [1914]. It 
was a clear colourless liquid, freed from inorganic salts by diatysis, rotation 




jS-(2, 5)-fractose 


\ 

a -{2, 5) -fructose 

. . 

keto-form (or liydi*ate) 
aj5-(2, 6)-fructose 
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+ 1*24° (1 dm.), contained 1“56 g. of solid matter per 100 cc, and possessed no 
maltase activity. It was stored at —5° with no loss in activity. 

Preliminary experiments showed that : 

(1) the fractosaccharase preparation had no iiifliieiiee on the rotation of 
fructose ; 

(2) ammonia in the conceiitratioii employed in the main experiments, 
completely arrested hydrolysis and had no effect on the rotation of the enzj^me 
preparation or of sucrose, glucose or fructose ; 

(3) the fractosaccharase pliis ammonia, in the same concentrations as used 
in the main experiments, had no influence on the rotation of sucrose. 

100 cc. of 20 % sucrose 107-7 g.) were mixed with 10 ec. of xY/lO acetate 
buffer 4-6) and allowed to attain room temperature (17°) by standing in a 
bath of water for 2 hours. The enzyme preparation was similarly brought to 
room temperature. At time zero, 40 cc. of the enzyme solution (the exact weight 
was observed and the volume calculated) were added rapidly from a cylinder, 
and thorough mixing was achieved after 5 seconds. poiarimeter4iibe with 
water jacket at room temperature was quickly filled and the rotation taken 
20~-25 seconds after mixing and at subsequent intervals. Meanwhile 15 cc. 
portions were withdi^awn from the main portion of the reaction mixture and run 
into a series of small flasks contained in a water- bath at room temperature. To 
these at intervals 1 ec. of N ammonia was added with shaking, the exact time 
being noted after 0-5 cc. had been rim in. The final rotations of the mixtures were 
read in a 2 dm. tube at 17° about 30 minutes later. 

The success of the experiment depends entirely on temperature control, that 
of the main reaction mixture must not differ from that of the portion in the 
polarimeter-tube by more than 0-l™0-2°. The jacket of the tube was fed with 
water circulating through the bath and all pipettes were fitted with rubber 
shields. 

It will be seen that the individual experiments differ only in regard to the 
amount of enzyme used. It was found to be of no advantage to use less than 
20 cc.^of enzyme (diluted to 40 cc.) (^*g = 0*07) or more than 40 cc. (iLg = 0-ll) 
since in the latter case the hydrolysis was too fast to allow of accurate polari- 
metr}?”. 

Summary. 

1. The specific rotation (17°, 4-6-6-1) of (2, 5)-fructose is found to be 

between -f 17° and -f 15°, 

2, The change of fructofiiranose to equilibrated fructose is shown to conform 
to a iinimoleciilar law. The uiiiinolecular velocity constant 

We desire to thank Mr R. H. Roberts for assistance in the experimental 
work. One of us (K. B .) is indebted to the Department of Scientific and Industrial 
Research for a grant. 
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BY HYPOIODITE. 

By KENNETH BAILEY and REGINALD HAYDN HOPKINS. 

From the Department of Industrial Fermentation^ University of Birmingliani^. 

{Received September 24ih, 1933,) 

The oxidation of fructose by bypoiodite, as employed in the method of 
Willstatter and Sclindel [1918] for the estimation of aldoses, is known to be small 
in amount, but very variable results as to the iodine equivalent of fructose have 
been reported from time to time. Whereas over a fairly wide range of conditions 
glucose can be oxidised to the equivalent of 1-41 g. of iodine per g. of glucose, 
fructose has given various iodine figures under varymg conditions, e.g. 0*1028 g. 
[Judd, 1920], 0*10 g. [Baker and Hultoii, 1920 ], 0 * 0065 - 0*020 g. [Hmtoii and 
Macara, 1924], 0*018 g. at 1° [Archbold and Widdowson, 1931 ]. 

In the present communication are reported the results of an investigation of 
the oxidation of fructose by hj^'pciodite under conditions similar to those used 
in the original Willstatter and Schiidel method. The investigation has included 
the following: (1) effect of temperature; (2) effect of excess alkali; (3) effect of 
rate of addition of alkali; (4) effect of concentration of fructose; (5) control 
experiments; (6) identification of products of oxidation. 

These investigations have shown that, if constant results are to be obtained 
with fructose, the most important condition to be standardised is that of the 
rate of addition of the alkali. Willstatter and Schudel stated that in the ease of 
glucose the sodium hydroxide must be added slowly to the sugar-iodine solution, 
and it is well known that if the addition is made instantaneous^, quantitative 
oxidation of glucose is not secured. Goebel [ 1927 , 1 ] explained this on a stoichio- 
metric basis as follows. Two reactions commence with the addition of alkali and 
the formation of hypoiodite. 

(1) B,,CH0 + L+3Na0H=:R.C00Na+2NaI + 2H,0, 

(2) 3NaI0=lS[aI03 + 2NaI. 


“A sufficiently high concentration of hypoiodite is possibly not attained when alkali is added 
immediately to a glucose-iodine solution for the reason that reactions (1) and (2) start out simul- (.'! 

t aneously . Under these conditions reaction ( 1 ), though it has a greater initial speed than reaction ( 2 ) , ! / 

will be overtaken by the second as the two near completion with the result that at this point the 

concentration of hypoiodite falls below the necessary optimum, and both reactions end with the ' ' 

hypoiodite completely converted to iodate and iodide and the glucose in an incomplete state of 

oxidation. If, on the other hand, the alkali be added over an interval of 2 minutes, the major part of , 

the hypoiodite will enter into the first reaction as it is formed, . . . the concentration of hypoiodite I ’ ' 

in the solution would be kept low, a condition unfavourable for the reaction hypoiodite—>iodate.” , • * 

Goebel found that, using 0*09 g. glucose in 10 cc., 20 cc. of NjlQ iodine, 45 cc. 
of A/10 NaOH, temp. 23°, two minutes should be taken to add the sodium 

hydroxide, in which case quantitative oxidation of the glucose was attained , , ' ' ’ 


^ Formerly Department of Biochemistry, University of Birmingham. 
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after 10 to 20 minutes' standing. If the alkali were added very rapidly^ qiiantita 
tive results were never attained, however long the subsequent standing. 

The results obtained on the effect of rate of addition of alkali make it clear 
that the oxidation of fructose is not due to a Lobry de Bruyii-van Ekeiistein 
transformation into oxidisable aldoses. At the same time the relatively slow 
oxidation of fructose by hj^poiodite as compared with that of aldoses renders 
it probable that only one component, and that a small one, of the fructose 
solution is actually oxidised. 

Experimental. 

The fructose employed was B.D.H. dextrose-free fructose recrystallised by 
Harding's method [1922]; (c=5). Calculated from Honig and 

Jesser's formula, [a] 92*1°. The glucose was A.R., recrystallised 

from dilute alcohol (the first crop of crystals was discarded); [ccYf + 

Both sugars were dried in vacuo over P2O5 at 72°. All pipettes and graduated 
flasks were calibrated, and a standard drainage time of 30 seconds was adopted 
with the former. The thermostat was electrically controlled and temperature 
variations did not exceed +0T°. The thiosulphate w^as standardised every 
3 da^^s by liberating a known amount of iodine from KI by acidified standard 
potassium dichromate solution. 

(i) Effect of temperature. 

A volume of solution containing 0*5 g. of fructose wms pipetted into each of 
a series of 250 cc. conical flasks at room temperature and allowed to attain the 
requisite temperature in a thermostat. 20 cc. of xV/lO iodine at the latter 
temperature were added. (In the series at 35° iodine was pipetted at room 
temperature, the flask closed, and the mixture allowed to attain the temperature 
of the thermostat before addition of the alkali. Iodine loss is rapid at 35°. ) 
Lastly 5 cc. of N j2 NaOH were added over a period of exactly 20 seconds with 
rapid shaking. The flasks were closed, and after the appropriate time interval 
acidification was effected with 10 cc. of Y H2SO4 and the liberated iodine titrated 
against ^/20 thiosulphate using the Hagedorii and Jensen starch indicator. xAu 
appropriate iodine control was performed for each experiment. 

Two series of experiments were performed, Series A using 10 cc. of sugar 
solution and a total volume of 35 cc., and Series B using 10 cc. of sugar solution + 
40 cc. water, total volume 75 cc. The control experiments of Section (5) show 
that at room temperature the conditions of oxidation in Series A and B give 
the theoretical iodine value for glucose. 

^Tiie oxidations were allowed to proceed at 1, 15, 25 and 35°. The extents of 
oxidation expressed in cc. N 120 iodine at various times and temperatures are 
given ill Table I. 

From these results it appears that, under the conditions adopted, the 
maximum oxidation was soon reached except at 1°, in which case 10 hours were 
required. In the last case some hypoiodite was still functioning after 8 hours. In 
* I control experiments with 0*08 g. of glucose in place of the fructose, oxidation of 

the sugar at 1 was still proceeding after 8 hours. As will be shown (Section (3)) 
the extent of oxidation of fructose is very susceptible to the rate of addition of 
the ^ alkali, but under the conditions of the above experiment, viz. a 20 second 
period ^ for the addition of the alkah, the minimum oxidation of fructose 
which is accompanied by theoretical oxidation of glucose is effected at 15° in 
20 minutes. 
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Table I. 

Series A Series B 


Temperature 

f ' " 

Oxidation 

r 

Oxidation 

° C. 

Time (hours) 

(cc. A 72 O iodine) 

Time (hours) 

(cc. A 72 O iodine) 

1 

1-0 

1-06 

1-0 

0-86 


3-0 

2*29 

3-0 

1-81 


5-0 

3-15 

5-15 

2-60 


8-0 

3-75 

8-0 

3-07 


9-0 

3-86 

8*5 

3-17 


10-0 

4-13 

10*0 

3-48 


22-0 

3*96 

22*0 

3-30 

15 

0-3,3 

2-09 

0*33 

1-69 


0-75 

3*33 

0*75 

2-74 


1-5 

3-81 

1*5 

3-20 


3-6 

3-73 

3-5 

3-20 


5-0 

3-66 

5-5 

3-20 


9-0 

3*71 

9-0 

3-25 


10-0 

3*83 

10*0 

3-31 

26 

0-33 

3-62 

0*33 

3-50 


1-0 

3-94 

1*0 

3-40 


3-0 

3-99 

3-0 

3-52 


5-0 

3*99 

5-0 

. 3-52 


6-0 

4*01 

8*0 

3-59 


7-0 

4*09 

10*0 

3*67 


10-0 

4*08 



35-5 

0-33 

4*16 

0*33 

3-94 


1-0 

4*37 

1-0 

4-09 


3-0 

4*57 

2-0 

4-09 


5-0 

4*60 

4-0 

4-14 


8-5 

4*77 

6*0 

4-11 


10-0 

4*94 

10-0 

4-22 

The final oxidation attained in both series was minimum at 15°. The extent 


of oxidation depends on 


(а) concentration and persistence of hypoiodite ; 

(б) rate of reaction between hypoiodite and oxidisable sugar; 

(c) concentration of the oxidisable component of the fructose, 

A rise in temperature favours (6), is unfavourable to (a), and is very possibly 
favourable to (c). Disregarding the effect of temperature on (c), effects (a) and (b) 
combine to produce minimum oxidation at 15°. That (a) is very favourable at 
1° is shown by the continuance of oxidation after 8 hours at that temperature. 

The rates of oxidation at 1° and 15° may be approximately arrived at from 
the first time readings (and inspection of the results in graphical form). From 
such observations the rates of oxidation in both series (A and B) are seen to be at 
least 6 times as great at 15° as at 1°. From such a result it would seem probable 
? that factor (c) is also effective, and that there is a greater concentration of the 

oxidisable component at 15° than at 1°. 



(2) Effect of excess of alkali. 

In the previous experiments the oxidising system contained a small excess 
of alkali over that required to form hypoiodite. Series A was repeated using 
twice as much alkali, 10 cc. of A/2 XaOH (and equivalent increase of HgSO^), 
the total volume being thus 40 cc. The results are given in Table II, 

The chief features of the effect of excess of alkali are : 

{a) a more rapid disappearance of hypoiodite at 1°, and in consequence, less 
total oxidation; 
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Table II. 



1° 

A 


17° 

A 


26° 

A 


35° 


Oxidation 

r 

Oxidation 

( 

- 

Oxidation 

r 

Oxidation 

Time 

(cc. A 72 O 

Time 

(cc. N/2Q 

Time 

(cc. iV/20 

Time 

(cc. A 72 O 

(hours) 

iodine) 

(hours) 

iodine) 

(hours) 

iodine) 

(hours) 

iodine) 

1-0 

1-72 

1-0 

3-36 

0-5 

5*17 

0*5 

7*90 

3-0 

1*87 

3-0 

3-75 

2-0 

5*60 

2*0 

9*25 

6-0 

1-97 

5-0 

4-00 

30 

6*19 

4*5 ■ 

11*10 

S-0 

2-02 

7-0 

4-00 

5-25 

6*60 

6*0 

12*00 

10-0 

1-97 

10-0 

4*15 

8-75 

7-40 

8-0 

13*20 





10*00 

7*97 

10*0 

14*75 


(b) progressive oxidation at 17, 26 and 35® long after oxidation in tlie 
corresponding members of series A (Table I) had ceased and liypoiodite is 
presumed to have disappeared. 

Excess alkali has two effects, that of accelerating the formation of iodate 
from hypoiodite, and that of modifying the fructose rendering it susceptible to 
oxidation by iodate. Low results in the determination of glucose by iodimetric 
titration in cases where too large an excess of alkali has been added have 
probably been due to the first of these causes rather than the Lobry de Bruyii 
transformation to which they have been ascribed. 


(J) Effect of rate of addition of alkali. 

The experimental procedure adopted for Series A and B (Table I) was re- 
peated at room temperature only, with the difference that the 5 cc. of N f2 NaOH 
were added in 0-5 cc. portions at intervals of 30 or 60 minutes. Certain flasks 
were withdrawn at certain stages and the titration completed. The results are 
given in Table III. 


Table III. Effect of rate of addition of alkali. 

0-5 g. fructose, 20 cc. NJIO iodine, A^/2 NaOH 0*5 cc. at a time, total volume (without 
NaOH), Series A 30 cc., Series B 70 cc. Temp. 16°. 



Duration of 
reaction from 
first NaOH 

Number of 

Series A. 

Series B. 

Rate of addition 

addition 

additions 

Oxidation 

Oxidation 

of NaOH 

(hours) 

of NaOH 

(cc. A 72 O iodine) 

(cc. A 720 iodine) 

0*5 cc. per 

1*0 

2 

2*18 

1*51 

half hour 

3*0 

6 

7*97 

5*50 


4*0 

8 

12*22 

8*60 


5*0 

10 

16*76 

12*24 


6*0 

10 

16*96 




8*0 

10 

— 

12*23 


10*0 

10 

16*90 

12*34 

0*5 ec. per 

5*0 

5 

( = 15*3 % oxidation) 
10*15 

( = 11 % oxidation) 
7*39 

hour 

10*0 

10 

20*20 

15*70 


24*0 

10 

20*20 

15*90 




( = 18*2 % oxidation) 

( = 14*3 % oxidation) 


Before discussing the results of this experiment, the following control 
experiments should be considered. Series A and B were repeated at^ 16®. 
Firstly, 0*5 cc. of A /2 NaOH was added to the fructose-iodine mixture, and, at 
definite intervals of time, acidification was effected with 1 cc. of N H 2 SO 4 . 
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Table IV. 

Oxidation (cc. N/20 iodine) 


Time 

r — 

^ 

(minutes) 

Series A 

Series B 

20 

0-90 

0-90 

30 

i-01 

0'91 

40 

M6 

0-96 

60 

M5 

MO 


Oxidation appears to have ceased within 30 niimites. 

Secondly, to the fructose -iodine mixture, 0*5 cc. of iV/2 NaOH was added 
every half hour until 3*5 cc. had been added. After further time intervals (as 
stated in Table V) acidification was effected with 5 cc. of N H 2 SO 4 . 

Table V. 

Oxidation (cc. i\720 iodine) 


Time ^ ^ 

(mimites) Series A Series B 

20 9-05 6’20 

30 9-60 6-82 

45 9-60 6*70 

60 (9-SO) 6-70 


Here again oxidation had ceased entirely within 30 minutes. 

It is evident from Table III that an abnormally high oxidation can be 
effected if the alkali is added slowly enough, and from Tables IV and V that this 
is not due to a very slow decomposition of iiypoiodite. The best explanation 
seems to be that one component only of the fructose solution undergoes oxidation 
and that: 

(а) each small increment of h 5 ^poiodite produces an oxidation comj3arable 
with that obtained with excess of Iiypoiodite ; 

(б) in neutral medium the removal of one component by oxidation induces 
the “inactive” components to establish a new equilibrium thus restoring the 
oxidisable component. 

In this case the amount of oxidation should increase as the rate of addition 
of alkali decreases, which is the case (Tables I, III, VI). Comparing Tables 1 
and III (Series A) 5 cc. of NaOH added in 20 seconds produced oxidation equi- 
valent to 3*7 cc. of A 72 O iodine after 5 hours, whereas 5 cc. of NaOH added in 
0*5 cc. half hourly increments produced 16*76 cc. oxidation after 5 hours in all, 
and 5 cc., added in lioiniy iiicrenieiits, 20*20 cc. Eurtiier, 3-0 cc. of alkali after 
3 hours (Tables III, Series A) had produced 7*97 cc. oxidation, whereas 5 cc. 
added in 20 seconds (Tables I, Series A) had produced only 3*7 cc. oxidation in 
5 hours. If the whole of the fructose were susceptible to direct oxidation, then, 
since the quantity used was many times the molecular equivalent of the 20 cc. 
of A 7 IO iodine added, one would expect more to be oxidised by the full dose of 
Iiypoiodite (5 cc. alkali) than by 3*0 cc. If only one component is oxidised, the 
small increments may be comparatively saturated with this compoiieiit and each 
effect oxidation with rapidity comparable with that effected by the full dose. 

Lastly, it should be noted that the high oxidation effected in this way without 
excess of alkali ever being present disproves the h37-potliesis that the oxidation of 
fructose in the iodimetric titration is due to a Lobry de Bruyii traiisforinatioii. 

Oxidation could be carried much bej^ond the 18 % recorded in Table III. 
To 0*081 g. fructose in 50 cc. were added 20 cc. of A/IO iodine and 0*5 cc. of 
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A 72 NaOH at varying time intervals as shown in Table VI. When 4 ce. of alkali 
had been added, i.e. jnst sufficient to absorb free iodine, to some flasks another 
addition of 20 cc. iodine was made and the process continued. The same pro- 
cedure was repeated after 8 and 12 cc. of alkali had been added. Other flasks 
were treated with no more iodine after certain stages. In every case, after the last 
addition of iodine had been absorbed b,y alkali, two further increments of alkali 
were added at intervals to complete the reaction and then titration was per- 
formed in the usual way. The results are shown in Table VI. The percentage 


0-5 cc. alkali/10 mimites 


Table VI. 

0*5 cc. alkali/30 minutes 


0-5 cc. alkali/60 mimites 


r 

Number of 
additions of 
20 cc. y/10 
iodine 

1 

2 

3 


% oxidation 

104 

20-6 

404 


r 

Number of 
additions of 
20 cc. N/m 
iodine 

1 

2 

3 

4 


% oxidation 

19*5 

40-6 

98-3 


Number of 
additions of 
20 cc. N/10 
iodine 

1 

9 


oxidation 

23-6 

6M 

98-9 


fructose oxidised is calculated on the assumption that one atom of oxygen is 
absorbed by one fructose molecule. It is to be expected that, especially in 
the cases where the alkali additions wei’e more frequent, a certain amount of 
unchanged hypoiodite might accumulate. This would account for the rate of 
oxidation of fructose increasing as the additions of NaOH and iodine proceed. 

These experiments were repeated, using 0-081 g. of fructose in 10 cc. instead 
of 50 cc. 


Table VII. 


0-5 cc. alkali/30 mimites 

t ^ 

Number of addi- 
tions of 20 cc. 

iY/10 iodine % oxidation 


1 26-4 

2 604 

3 94-7 

4 1284 


0*5 cc. alkali/60 miiiiites 

t 

Number of addi- 
tions of 20 ce. 

N/IO iodine % oxidation 

1 33-0 

2 77-2 

3 125-2 


It is evident that the oxidation proceeds bejmnd the insertion of one oxygen 
atom. 

(4) Ejfect of fructose concentration. 

If the hypothesis put forward in the preceding section is correct, then certain 
conclusions can be drawn. For example, in a dilute solution of fructose, varying 
within the limits of concentration 0-08-2 %, the amount of oxidisable com*^ 
ponent will be approximately proportional to the total fructose concentration. 
Under an appropriate set of oxidising conditions, the percentage fructose oxidised 
should be mdependent of the fructose concentration. To test this deduction. 
20 cc. VyiO iodine were pipetted into 50 cc. of fructose solution containing 
0-08-0-5 g. of sugar. 5 ce. of 0-5 N NaOH were added at the rate of 0-5 cef 
30 mins. The mixture was acidified 1 hour after the last alkali addition, thus 
aUowing a total oxidation period of 5-5 hours. The results obtained at 20° are 
given in Table VIII. 

A second experiment designed for another purpose {vide Section (6)) gave 
similar results. Here the materials used were 0-081-0-5 g. fructose in 10 cc. 


OXIDATION OF FRUCTOSE BY HYPOIODITE 


Table VIII. 


Oxidation 


Jinal fructose con- 
centration (%) 

Weight of 
fructose (g.) 

r 

CC. A 72 O iodine 

0 

/o 

0-108 

0*081 

4*44 

24*7 

0*333 

0*250 

10*06 

18*1 

0*500 

0*375 

12*90 

15*5 

0*666 

0*500 

15*76 

14*2 


water, 6*66 cc. of 0*3 N iodine in Baig, 6*25 cc. of 0*4 N baryta added at a rate of 
0*5 cc. per 30 mins, (total volume 22*91 cc.). Acidification was effected after 
oxidation had ceased with 10 cc. N HCL 


Table IX. 


Oxidation 


Final fructose con- 
centration (%) 

Weight of 
fructose (g.) 

A 

r 

cc. i \720 iodine 

^ 

0 / 

/o 

0*354 

0*081 

6*18 

34*3 

1*092 

0*250 

14-01 

25*3 

1-747 

0*400 

19*83 

22*3 

2*184 

0*500 

23*64 

21*3 


The cjuantity of hypoiodite maintained in these experiments (Tables VIII 
and IX) was of the order of the equivalent of 0*5 cc. NI2, which is equivalent to 
0*0225 g. of glucose. If the whole of the fructose could react vdth hypoiodite, 
there would be an overwhelming excess of fructose in all cases, and one would 
not expect much difference in the actual amounts oxidised in any one series. 
The whole or most of the hypoiodite should be used up in oxidation and com- 
paratively little ■would form iodate. However, the results in Tables VIII and IX 
suj)port the hypothesis that only one component, a small one, of the fructose 
solution is oxidised. Some of the hypoiodite is lost as iodate, the amount used 
for oxidation is largely a function of concentration of the oxidisable component. 
It is seen that, although the maximum fructose concentration is approximately 
6 times as large as the minimum, the percentage oxidation varies by only 
10-13 % . Indeed, if the minimum fructose concentrations of 0* 108 in Table VIII, 
and of 0*354 in Table IX be disregarded, since here the excess of oxidising agent 
over percentage fructose oxidised is very large, the variation amounts to only 

4 0 / 

^ /o * 

(5) Control experiments. 

. In addition to such control experiments as have been mentioned it ivas shown 
that : 

(а) there is only a negligible loss of oxygen from the hj^poiodite solutions 
as used in these experiments wdien maintained at temperatures from 1 to 35“^ for 
24 hours ; 

(б) addition of the alkali at the rate of 0*5 cc. of N [2 per half hour made 
no appreciable difference in the oxidation of glucose, an increase from 100 to 
103 % being the maximum observed; 

(c) iodate exerted a negligible oxidising effect on fructose, and a slightly 
larger but small one on glucose ; 

{d) free iodine, as used in these experiments, but without addition of any 
alkali, did not oxidise fructose to any appreciable extent ; 

(e) excess of alkali such as was used in any experiment other than that 
of Table II had no effect on the optical rotation of fructose at 17° in 20 hours : 
when XaOH was present at A/ 14 concentration as in Exp. 2 (Table II) the 
observed rotation fell from —8*1° to —7*9° in a few minutes, to —7*45° in 
1| hours and to —6*55° after 20 hours (the oxidation results of Table II theni- 
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selves pointed to tlie same conclusion, viz. that some change such as eiiolisation 
was taking place) ; 

(/) oxidation of 0-072 g. of glucose under the conditions of Table I 
(Series A and B) showed complete oxidation (1 g. glucose = 1-41 g. iodine) almost 
attained in 8 hours at V, fully attained in 20 mins, at 15° and 35°. 

(6) Identification of the ^products of oxidation of fructose. 

For this purpose, oxidation of fructose was effected by 0-3 N iodine in Baig 
and 0-4 baryta added in small increments. (Compare Goebel’s procedure 
[1927, 2] for the preparation of hexonic acids.) Preliminary experiments (results 
^ in Table IX) had shown that the conditions adopted would be most favourable. 

666 ec. of 0-3A^ iodine were added to 40 g. of fructose dissolved in 1000 cc. of 
water. 625 cc. of 0-4 A' baryta were added at the rate of 50 cc./30 mins. The 
temperature of working was 21-22°. 1 hour after the last alkali addition, the 
solution was filtered free of barium iodate and the exact amount of Ba in 10 cc. 
of the solution accurately determined gravimetrically. The whole of the barium 
in the residual solution was precipitated by the theoretical amount of 5 A 
siilpliiiric acid. 150 g. of pure lead carbonate were stirred in to decompose free 
hydriodic acid.^ After filtering, the clear solution was evaporated at 55°/15mm. 
to 350 cc., the whole of the residual free iodine passing over in the first few 
minutes. The liquid during concentration remained slightly on the acid side of 
neutrality. After cooling, the precipitate of lead iodide which usually appeared 
! during evaporation was filtered off and the clear filtrate made neutral to pheiiol- 

phthaleiii by addition of clear baryta. 2 vols. of 95 % alcohol were now added and 
4 the floeciilum so obtained was allowed to stand overnight and was then centrifuged 

I i : off, washed with alcohol and dried in vacuo and at 100° for 3 hours. The white 

ill product thus obtained was not very soluble in water, reduced warm acid KMn 04 

but gave no reduction wuth Fehling’s solution. The Ba content was determined 
and the bulk of the salt decomposed with the exact amount of NjlO sulphuric 
acid. After evaporation to a syrup in vacuo ^ a little acetone was added and after 
standing, ciystals of oxalic acid appeared, melting at 97-98°. These were 
1 1 dissolved in alcohol, phenylhydrazine in alcohol was added, and on scratching 

the sides of the tube crystals of oxalic acid phenylhydrazide appeared in a few 
moments. These were filtered off, washed with hot 95 % alcohol, and after 
drying, melted at 176-5°. When mixed with an authentic specimen of the 
j|4! hydrazide (m.p. '179°), the mixed m.f. w’^as 178°. The highest yield of crude 

barium oxalate obtained in several repeated experiments was 2-4 g., whilst the 
theoretical yield, calculated from Table IX, is 2-5 g. 

A possible criticism of the above method is that, at the temperature used in 
the removal by evaporation of the free iodine, oxidation of unoxidised fructose 
‘j'_. by the latter may give rise to the oxalate eventually isolated. To eliminate any 

, error on this account, another method was employed. Instead of precipitating 

the barium of the oxidation mixture with sulphuric acid, acidification was 
» effected with HCl, and free iodine removed by addition of concentrated 

thiosulphate. The solution was brought back to neutrality with 0-4 A^ baryta, 

' I alcohol added until a flocculum appeared. This was again identified as 

! barium oxalate in the manner previously described. 

Oxidation of fructose by hypoiodite produces, therefore, oxalic acid, and, 
presumably, c^-erythronic acid. An attempt at separation of the latter acid from 
unoxidised fructose was not successful. 

Omitting the ring structure, 

CH^OH . CO . (CH0H)3. CHaOH + 40 -> COOH . COOH + COOH . (CHOH)^ . CH^OH. 
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This oxidation is extremely remarkable, in that the small amount of oxida- 
tion which is induced by hypoiodite proceeds as far as the insertion of 4 oxygen 
atoms and the oxidation of a terminal alcoholic group. This fact strongly supports 
the hypothesis that onty one component — an easily oxidisable component — 
undergoes oxidation: 

Discussiox. 

lidiilst it is probable that one component only of fructose solution is oxidised 
by hypoiodite, the nature of this component is an open question. It may be the 
ketoforin or it iiia^f be the labile (2, 5) form. In the previous paper (Baile}’ and 
Hopkins) the latter form, as split off from the sucrose molecule on hydrolysis by 
fmctosaccharase, was shown to change to equilibrium fructose unimolecularly, 
the velocity constant being 0-3 (t in mins., base e, temperature 17°, pjg- 4*6-6* 1). 
The change is not so rapid as had been supposed. This observation supports the 
view that equilibrium fructose contains a small proportion of the (2, 5) form. The 
striking change in optical rotation with temperature can be best explained by a 
disturbance of the ec|uilibrium between the (2, 6) and (2, 5) forms. Further 
evidence for the existence of the (2, 5) and open chain forms in equilibrium 
fructose solutions is summarised below: 

(1) Oparin and Kurssanov [1931] have shown that fructosaccharase exerts a 
synthesising action on glucose and fructose in aqueous solution if phosphatase 
and potassium dihydrogen phosphate are present. They represent, the reaction 
as (2, 6)-fructose (2, 5) -fructose potassium (2, 5)-fructosephosphate; 

potassium (2, 5 ) -fmctosephosphate + glucose potassium sucrosephosphate 

If 

sucrose + phosphate. 

It is difficult to see how such a spithesis is to be achieved without the pre- 
existence in solution of (2, 5) -fructose, which on removal is replaced b}?' the 
djmamic transformation of one or more remaining isomerides. 

(2) According to Ohle [1927], the condensation of j8-fructose with acetone in 
presence of mineral acid leads mainly to the production of a-di-2*50prop3didene 
fructose, i.e, without change of configuration or structure, whilst the liberated 
water converts a portion of the fructose into the butylene oxide form which is 
transformed into the corresponding Mopropylidene ether. If fructose in neutral 
aqueous solution is changecl by water in the same manner as during acetonisa- 
tioii, it follows, when the magnitude of specific rotation is taken into account, 
that the main chemical change during mutarotation is the transformation of the 
amylene oxide j3-form into the butylene oxide ^-form. This cannot occur 
without temporarily opening the oxygen bridge, with the production of the 
keto-form or its hydrate. The carbonyl absorption band is shown hj concentrated 
fructose solutions. 

(3) Pure methyl alcohol, freed from acetone, when mixed with less than 
5 % fructose, exhibits a change in the sign of rotation 20 mins, after the addition 
of HCl. The syrup isolated is feebty dextrorotatory. Extraction with ethyl 
acetate leads to the separation of y-methylfructoside mixed with small quantities 
of a- and /3-(2, 6)-metliylfructosides [Menzies, 1922]. 

Onslow, Kidd and West [1931], in a biochemical study of the senescence of 
apples, advanced tentatively the hypothesis that active fructose (presumably 
(2, 5) -fructose) is preferentially respired. Such a process is quite feasible, and 
could, moreover, proceed without the concomitant inversion of sucrose, i.e. it 
could proceed without a supply of freshly liberated or active fructose, if equili- 
brated fructose solutions contain this form of fructose. Whether the component 
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oxidised by hypoiodite is the (2, 5) form or an active keto-foriii, is as yet 
impossible to decide. According to Isbell and Hudson [1932], ring forms can be 
directty oxidised. On the other hand, Lippich [1932] finds that the HCN-biiidiiig 
power of fructose is greater than that of glucose and is not wholly inhibited by 
strong all^ali. Since HCN-binding power is a measure of CO groups, the active 
keto-forin of fructose may thus be the form oxidised b}?- hypoiodite even at 
alkaline reactions. There is, however, a striking parallel between the in vitro ex- 
periments of Section (3), and the process which Onslow et al. presume to occur in 
the respiration of senescent apples. The fundamental nature of both processes may 
well be the oxidation (or respiration) of one component, accompanied b3^ dynamic 
mutation of other components to produce more of the oxidisable isomeride. 

SXJMMABY. 

1. The rate of oxidation of fructose by hj^^poiodite under the conditions of 
Willstatter and SchudeFs method for the estimation of aldoses increases with 
temperature to the point at w^hich oxidation ceases. The extent -of oxidation at 
this point, between the temperatures 1 and 35°, is minimum at 15°. 

2. In presence of excess alkali, enolisation of the fructose occurs between 
17 and 37° and renders it capable of oxidation by iodate. The oxidation thus 
becomes a progressive reaction which has no limit. At 1° enolisation is not 
induced, and oxidation rapidly reaches a limit lower than that obtained by the 
use of only a slight alkali excess. 

3. A four to fivefold increase in the oxidation of fructose by h3rpoiodite is 
obtained by adding the necessary alkali in small increments at definite time 
intervals. The extent of oxidation is an inverse function of the rate of alkali 
addition. Under specified conditions, the oxidation of fructose (using the iodine 
value 1-41 as for glucose) may exceed 100 % , on the basis of one atom of oxygen 
per molecule oxidised. 

4. The percentage oxidation under arbitrary conditions of oxidation does 
not varj’' greatly with the fructose concentration. 

5. The products of oxidation are oxalic and, presumably, d-erythronic acids. 

6. A consideration of the factors influencing the kinetics of the oxidation of 
fructose by hypoiodite leads to the hy’pothesis that only one component under- 
goes oxidation. 

One of us (Iv. B.) is indebted to the Department of Scientific and Industrial 
Research for a Grant. 
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The work wiiicli forms the subject of this paper was suggested by the findings 
of Cameron and Moorhoiise [1925], who stated that in experimental parathyroid 
tetany the calciiiiii of the whole blood shows proportionately less fall than that 
of serum. They attributed this to the passage of a large amount of calciiiin into 
the fibrin clot in cases of tetany and based this view on the finding of a much 
higher calciiiiii figure for citrated plasma than for serum in tetany. Sokolovitcli 
[1931] has reported slighth?- higher figures for whole blood- calcium in human 
tetany than would be expected if the corpuscles contained no calcium and 
assumed that the results indicated a slight shift of calcium into the corpuscles in 
tetany. The effect observed by him was much smaller than that observed by 
Cameron and Moorhouse. Morgulis and Perley [1930] working on experimental 
parathyroid tetany, considered both possibilities — a shift of calcium into the 
corpuscles, and an abnormal passage of calcium into the coaguluin — but could 
find no evidence for either phenomenon. The question of the passage of calcium 
into the corpuscles in tetany raises again the old controversy as to whether there 
is normally any calcium in red corpuscles. This point has been under discussion 
for nearly forty years, but there is still some divergence of opinion even among 
modern workers using accurate methods. 

The present work was planned to determine whether any calcium exists in 
red corpuscles in human subjects with varying diseases including tetany, and 
whether any abnormal amount of calcium is to be found in the coagiiluiii in cases 
of tetany. 

Material. 

The control observations were made for the most part in cases of renal or 
prostatic disease and. a few other conditions. 

Three cases of tetany were examined, viz. (1) H. D., age 22, tetaii}^ of unknown 
origin but probably not parathyroid tetany; (2) E. T., age 15, late rickets and 
tetany, and (3) A. Hi., age 35, clironic diarrhoea and tetany. No ease of para- 
tliwoid tetaiw has been investigated from this standpoint. 

Plan of experiments. 

For experiments on the distribution of calcium between serum and corpuscles, 
defibrinated blood was used. The corpuscle volume was estimated b}^ the 
liaematocrit and the calcium estimated in serum and whole blood. 

For experiments on the passage of calcium into the coaguluin, comparisons 
were made between the plasma from citrated blood and the serum from defibri- 
iiated blood. Since citrate causes a shrinkage of corpuscles and a corresponding 
dilution of the plasma, it was necessary to make haematocrit determinations on 
both the citrated and defibrinated blood in order to determine the correction 
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needed for tlie calcium of citrated plasma. The collection of blood was made as 
follows. About 20-25 cc. of blood were collected in a flask containing glass beads, 
and the flask was shaken for a few seconds to ensure even admixture of corpuscles 
with plasma. Then, before the fibrin had begun to separate, about 10 cc. of blood 
were poured off into a tube containing not more than 0-1 g. sodiiiiii citrate and 
mixed. The remainder of the sample in the flask was defibrinated by further shaking. 

In orcfer to check the validity of the volume correction used in determining 
calcium in plasma, a few experiments were made in which a sample was first 
defibrinated and a part of the defibrinated blood subsequently treated with 
sodium citrate. The usual contraction of corpuscles was observed in the 
citrated samples. When 0*1 g. sodium citrate was added to 10 cc. blood the 
corpuscle volume in the citrated blood was, on an average, 38 % as against 45 % 
ill defibrinated blood. The correction to be used was determined for each 
experiment and the corrected plasma figures agreed well with the serum figures. 
This result shows that the addition of sodium citrate in this amount causes no 
precipitation of calcium and no shift of calcium from plasma to corpuscles. 

A^iahjiical methods. For serum and plasma the method of direct precipitation of the calcium 
oxalate from the serum or plasma was used, and the analyses were made by the method of Kramer 
and Tisdall as described by Harrison [1930], except that at least 18 hours’ precipitation was 
allowed for plasma. The precipitation of calcium is much slower for plasma than for serum. In the 
earlier part of the work half an hour was usually allowed for the precipitation from serum, and 
18 hours at least for plasma. In some later experiments the serum was also left for 18 hours, but 
the results were the same. G. W. Clark [1921] emphasised the necessity of allowing several hours 
for the precipitation of calcium from plasma. E. P. Clark and Collip [1925] considered half an hour 
sufficient for serum. 

For whole blood, the modified Alport method of Cameron and Moorhouse [1925] was used. In 
this method the blood is ashed in a platinum dish, and the iron and phosphate are removed from 
the ash solution before the calcium is precipitated as oxalate. 

In all estimations samples of 2 cc. serum, plasma or wffiole blood were analysed in duplicate. 

Estimations of corpuscle volume w*ere made in capillary haematocrits, which were centrifuged 
at about SOOOr.p.m. until the corpuscle layer reached constant volume. When constant volume 
was reached, it was always noted that the corpuscle mass became transparent. 

Results. 

Serum and corpuscles. Observations were made on. fourteen patients with 
various diseases and the three patients with tetany. Very good agreement was 
found in most cases between the observed figure for whole blood and the figure 
for the serum-calcium calculated as mg. per 100 cc. whole blood. Where slight 
discrepancies occurred, the tendency was for the observed whole blood figures 
to be slightly lower than the calculated figures. The actual discrepancies between 
observed and calculated figures for whole blood were as follows (a positive sign 
indicates that the observed figure was higher than the calculated figure, and, a 
negative sign the reverse discrepancy) : 

In the 3 cases of tetany, —0*2, 0, 0 mg. per 100 cc. 

In control cases: +0*2 mg. per 100 cc. in 9 experiments. 

+ 0*2 to 0*5 mg. per 100 cc. in 2 experiments. 

—0*5 to — 1*0 mg. per 100 cc. in 3 experiments. 
Agreement is therefore good in 14 experiments including those in cases of tetany, 
while three experiments show either a negative error in determining whole 
blood-calcium (which might be due to loss in the transferences) or a positive 
error in the serum determinations (which might be due to the use of direct 
precipitation). The results therefore show that there is no measurable amount 
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of calcium to be found in corpuscles bv the technique adopted, and that no shift 
of calcium into corpuscles occurs in the types of human tetany examined. 

Serum and plasma. The average results in the control experiments were as 
follows : 

Serum -calcium ... ... ... 9*52 mg. per 100 cc. 

Plasma-calcium (observed) ... 9*04 mg. per 100 cc. 

Plasma- calcium (corrected for volume change) 10*05 mg. per lt)0 cc. 

Calcium passing into the clot ... 0*53 mg. per 100 cc. 

It will be seen that the serum -calcium and plasma- calcium are approximately 
equal, but the result is due to a partial balance of opposite effects — the dilution 
of the plasma due to the addition of citrate tends to lower the plasma figure, and 
the passage of a trace of calcium into the clot tends to lower the serum figure as 
compared with plasma. 

In the three cases of tetany, no measurable passage of calcium into the clot 
w^as observed. 

Discussion. 

These results in three cases of human tetany, not of parathyroid origin, are 
similar to the results of Morgulis and Perley^ [1930] in parathyroid tetany?'. No 
calcium passes into the corpuscles and no abnormal amount into the coagiiliim. 

The question of the absence of calcium from normal corpuscles requires 
further comment. In reading the literature the main impression is of the 
number and variety of sources of error in the methods for calcium estimation. 
Almost every detail in eveiy method has been the subject of debate, but these 
technical points will not be discussed in detail, because it seems impossible to 
harmonise all the results even wdien all the sources of error are considered. The 
technical problems are very?' full}?' dealt with by^ Guillaumiii [1930]. 

There niay^ be differences between different species, and there may?’ be 
differences betw^een adults and children, but to settle this point more w^ork is 
needed, applying the same methods to blood from different sources. Almost all 
the work on human adults show^s absence of any appreciable amount of calcium 
from corpuscles, but sometimes figures of about 3 mg. Ca per 100 cc. corpuscles, 
or even more, occur among the results of authors whose technical work appears 
very accurate. Some of these figures have been obtained by direct determinations 
on unwashed corpuscles and are therefore open to the objection that they include 
some calcium from the serum remaining in the corpuscle mass, but values from 
3 to 6 mg. per 100 cc. corpuscles cannot be accounted for in this wuxyn 



Summary. ^ 

Calcium was found to be absent from the red blood corpuscles in liiiman ’ ^ , 

! subjects with various diseases including tetanyr. ; I, ' ^ 

* No abnormal amount of calcium passed into the fibrin coaguluin during 

J clotting of the blood of human subjects with tetany.- 
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Cases of liypocaleaemia may be divided into three groups. Firstl^y there are t,he 
various tj^es of low- calcium tetany. Secondly, there are cases of iiypocalcaeiiiia 
associated with low serum-protein, in which no symptoms of tetaii}^ occur ; this 
condition may be present in nephrosis, chronic nephritis with oedema, kala-azar 
and some other conditions. Thirdly, there are cases of chronic nephritis with 
uraemia, in which the inorganic phosphorus of the serum is increased, and in 
which the serum-proteins may be normal or only moderately reduced ; in some 
instances neuromuscular irritability and carpopedal spasm occur in addition to 
uraemic manifestations. 

One wmild expect that in tetany a low [Ca'^+] would be the significant 
change. The ionic calcium may or ma3" not account for the whole of the diffusible 
calciiim of serum, but it must be included in the diffusible fraction. It would 
a.lso be expected that when the serum- calcium falls in response to a rise in the 
inorganic phosphate, the difiusible fraction would be primarily affected, though 
the change in the diffusible fraction would lead to a secondary change in the 
protein-bound fraction as a result of the disturbance of equilibrium. On the 
other^hand; where the serum- calcium falls as a result of a fall in the serum- 
protein, one would expect the protein-bound fraction to be reduced and the 
diffusible fraction normal, and the absence of tetaiw would thus be explained. 

Kow those authors who have used the concentration of calcium in the 
cerebrospinal fluid as a measure of the diffusible calcium of the serum have 
arrived at results which are inconsistent with the above views, for it has been 
shown that when the serum-calcium falls in tetany, the calcium of the cerebro- 
spinal fluid is relatively little changed. Authors who have determined the 
diffusible calcium of the serum by ultrafiltration or diatysis have arrived at 
variable results, but, on the whole, work done on ultrafiltration of human sera 
has shown that the diffusible calcium is decreased in tetan^^ and normal in cases 
of hypocalcaemia with low serum-protein. The view that the calcium of cerebro- 
spinal fluid is equal to the diffusible calcium of serum has been attacked, but as 
yet only a few comparisons between the cerebrospinal fluid and the serum 
ultrafiltrate have been made in cases where the total serum- calcium is abnormal. 

At the outset of the present work the intention was to make comparisons 
between the calcium of serum and of cerebrospinal fluid in conditions where the 
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serum- calcium was markedly raised or lowered, and this has been done in cases 
of tetany, uraemia, osteitis fibrosa and some other diseases. Later the scope of 
the -work was extended, and the seriiiii was analysed for total calcium, diffusible 
calcium, protein and phosphorus. It is unfortunate that some cases of tetany 
were examined before the experiments on ultrafiitration were begun. 

Methods. 

Calcium was estimated by tlie method of Kramer and Tisdall as described by Harrison [1930], 
but the following technical points require comment. Firstly, the time a.llowed for precipitation of 
the calcium oxalate "was in most instances more than 2 hours and often overnight. This was done 
as a precaution, though half an hour is probably adequate for the majority of sera. Second^, the 
conditions of wasliing the precipitate of calcium oxalate must he considered. The precipitates 
obtained from cerebrospinal fluids or from ultrafiltrates do not pack closely enough to be left 
undisturbed by decantation, and removal of the supernatant w'ith a pipette is therefore preferred. 
Ill analyses of pure calciuiii chloride solutions it ivas found that the soluble oxalate was completely 
removed by the second washing, and that a third washing caused no loss of calcium oxalate 
(ordinarily the residue was twice Avashed). In these and all other determinations the “blank” 
value was obtained taking a little of the last supernatant fluid (comparable with that left lyitli 
the final residue) and treating it in the same way as the residue. In this correction is made for 
any soluble oxalate remainmg with the calciiiiii oxalate. The “blank” value ivas almost con- 
stantly 0-03 cc. N jlOQ permanganate. 

Wherever possible, 4 cc. of cerebrospinal fluid or ultrafiltrate were used, hut in some cases it 
was not possible to obtain so mueli ultrafiltrate, and some of the figures for diffusible calcium are 
based on single determinations on 2 cc. fluid. The errors likely to occur under these conditions are 
not great enough to affect the main significance of the results. 

Phosphate. Inorganic phosphate Avas estimated in serum or oxalate -plasma by the method of 
Briggs [1922]. The time elapsing betAveen collection of the blood and remoAml of the plasma from 
the corpuscles AA^as not more than half an hour and Avas usually about 10 to 15 minutes. 

Senim-proteins. Only total protein estimations haA'e been made in the present series of cases. 
Some of these w*ere made by the micro -Kjeldahl method using PregTs apparatus [Harrison, 1930] 
but the majority by the colorimetric method in the form used by Greenberg [1929, 1]. 

In a preliminary comparison of these tAVO methods, using sera and exudate fluids in Avliich the 
ratio of albumin to globulin Amried through a Avide range, it Avas found that the results agreed aa'cII 
for total protein, hut that considerable disere];>ancies sometimes occurred in the determination of 
the ratio of albumin to globulin. Tuchman and Sobotka [1932] haAm obtained similar results in 
comparing the Kjeldahl method AAdth the colorimetric method as described by Wu. 

Albumin and globulin haAm different tyrosine equivalents in the colorimetric method, but in 
spite of this there Acas a A^ery constant relation betAveen the total protein-nitrogen as determined 
by the Kjeldahl method and the tyrosine equivalent of total protein in the colorimetric method. 
Greenberg’s factor, 1 mg. tyrosine = 16’0 mg. total protein, Avas found to hold good in spite of 
A^ariations in the ratio of albumin to globulin, and it Avas therefore considered justifiable to make 
total protein estimations by the colorimetric method AAuthoiit separating the albumin and globulin 
fractions. 

In the tAA'O cases AiFere Bence-Jones protein was present in the serum, the total protein AAms 
estimated by the Kjeldahl method. 

Urea AAms determined by the method of Archer and Robb [1925]. 

Ultrafiitration. Collodion sacs AA^ere east inside tubes 10 cm. in length and 1*6 cm. in diameter. 
The solution used Avas 3 % pyroxylin in alcohol and ether (40 parts alcohol to 60 parts ether) and 
3 cc. ethylene glycol were added to 100 cc. of the pyroxylin solution. The sacs retained protein 
completely, as Avas shown by testing the ultrafiltrates Avith saiicylsulphonic acid. The permeability 
of the sacs to calcium Avas checked by filtering the same sample of serum, through the different 
sacs and slioAving that all the ultrafiltrates contained the same concentration of calcium. The 
permeability of the sacs wa,s very constant and regular, and sacs Avhich had been in use some 
time gave the same results as new ones. 
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In the course of ulfcrafiltration, the sacs tended to dry above the level of the serum contained 
ill them. In time this made it necessary to discard old sacs. The drying caused them to become 
less permeable, in the sense that filtration became undul}^ slow, though it did not appear to alter 
the composition of the ultrafiltrate. The sacs were stored in saline solution in the refrigerator. 
Before use they were dried as completely as possible with filter- paper and rinsed with a little of 
the seriini to be filtered. The first drops which formed when ultrafiltratioii began were blotted off 
the sac with filter-paper. Ultrafiltration was carried out under a diminished pressure of about 
150 mm. mercury in the apparatus described by Greenberg and Gunther [1929]. The rate of fi ltration 
was such that Avith new sacs containing 5 to 6 cc. of serum about 1 cc. ultrafiltrate aauis collected 
per hour. 

The figures obtained at the moderate pressure used in this method are comparable Avith those 
of the m ajorit};^ of other authors \A"ho have AAmrked on human material. High pressure ultrafiltratioii 
may give higher figures for diffusible calcium [Mcholas, 1932]. 

Ultrafiltratioii is preferred to compensation dialysis as a method of estimating the diffusible 
calcium, because dialysis against any external fluid AA^liich does not contain the same concentration 
of free calcium as the serum is likely to cause some disturbance of the equilibrium betAA^een protein- 
bound calcium and diffusible calcium, with a consequent change in the distribution ratio. The 
eoiiceiitratioii of the fluid inside the sac during ultrafiltratioii does not lead to any such disturbance 
of the distribution ratio, proAuded that the filtration is not too long continued [SteAAmrt and 
Percival, 1928, 1]. In the course of the present Avork it has been noted that the serum inside the 
sac can be concentrated to at least half the original Amlimie Avitliout causing any change in the 
composition of the ultrafiltrate. 



Results. 

Tlie results are given in Table I. 

Normally the total serum- calcium ranges between 9 and 11 mg. per 100 cc.: 
tiie cerebrospinal fluid- calcium varies from 4*5 to 5-5 mg. per 100 cc. and the 
diffusible serum- calcium is approximately equal to the cerebrospinal fluid- 
calcium. 

The present series of observations includes nineteen strictly siniultaiieoiis 
estimations of total serum-calcium, and cerebrospinal fluid- calcium, in seventeen 
of which the serum-calcium is abnormal. The serum- calcium values range from 
4*4 mg. per 100 cc. to 17*8 mg. per 100 cc., but the whole range of variation in 
the cerebrospinal fluid- calcium is from 4-4 to 6-9 mg. per 100 cc. The calcium 
of cerebrospinal fluid never definitely falls below normal in li}q)ocalcaemia and 
only rises slightly above normal in hypercalcaemia. 

There ^ are three comparisons between the diffusible serum- calciimi and 
cerebrospinal fluid-calcium in cases of hypercalcaemia. In the two cases of 
hyperparathyroidism, the diffusible calcium is markedly raised and forms a 
normal proportion of the total calcium, and there is a striking difference between 
the calcium of the ultrafiltrate and that of the cerebrospinal fluid. The case of 
C. F. shows that the discrepancy caimot be due to a delay in attaining equilibrium 
between serum and cerebrospinal fluid. When the observation was made on 
Oct. 28tii, it was known that the total serum-calcium had ranged between 15*6 
and 19-2 mg. per 100 cc. for more than six weeks, and in fact it had been rising 
for months. The diffusible calcium had been observed to remain in the region of 
9-3 mg. per 100 cc. for seventeen days before the final observation, yet the 
cerebrospinal fluid-calcium was 5*9 mg. per 100 cc., only slightly above normal. 

In the case of A. Ho., the hypercalcaemia was mainly due to a rise in the non- 
diffusible fraction of the serum-calcium, and there was also a rise in the serum- 
protein as a result of the presence of Bence-Jones protein in the serum. There 
was a moderate rise in the diffusible serum-calcium, and very little difference 
between the ultrafiltrable calcium and cerebrospinal fluid- calcium. 
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When the total serum- calcdiim is markedly reduced in tetany or in uraemia, 
the diffusible calcium of the serum is also low and falls definitelj?' below the 
cerebrospinal fluid- cakdum (6 observations). 

Ill uraemia, a moderate fall of serum-calcium (9*0 to 7*5 mg. per 100 cc.) is 
usually associated with normal figures for diffusible calcium. This ma^^ occur 
ill spite of moderate rises in the inorganic phosphate of the plasma (6*6 to 12*7 mg. 
P per 100 cc.). Higher phosphate figures are associated with more marked 
liypocalcaemia and a fall in the diffusible calcium of the serum. In most cases 
the serum-proteins are low, but the distribution of calcium between the diffusible 
and lion-diffusible fractions does not bear a regular relationship to protein and 
phosphate figures. 

There are only two cases of bypocalcaemia with low serum-protein and 
normal plasma-phosphate (P. M. and J. McP.) : in both of these the diffusible 
calcium is normal. 

Observations on diffusible calcium have been made in one case of tetany with 
low seruiii-calciuiii. The diffusible calcium was 4*1 mg. per 100 cc. or lower at all 
times when symptoms were present; on one occasion when symptoms were 
absent the diffusible calcium was 4*5 mg. per 100 cc. 

The series includes two cases of carpopedal spasm of unknown causation, 
with normal figures for both total and diffusible calcium in the serum (R. P. and 
R. B.). These are not regarded as cases of tetany. C4reenberg and Gunther [1931] 
mention three similar cases of ‘^hysteria and carpopedal spasm.” 

Discussion. 

The relationship between the total calchim of serum and cerebrospinal fl.wkL 

Parallel determinations of calcium in serum and cerebrospinal fluid in 
experimental animals have been made hj Cameron and Moorliouse [1925], 
Merritt and Bauer [1931, 2], Morgulis and Peiiej^ [1930] and Hertz [1930]. By 
the work of these authors it has been established that in parath^nuideetoniisecl 
animals the calcium of the cerebrospinal fluid is only slightly lowered in spite of 
the lij^'pocalcaemia, and that when the total serum- calcium falls to the level of 
4 to 5 mg. per 100 cc. the figures for calcium in serum and cerebrospinal fluid 
become approximately equal. On the other hand, when hypercalcaemia is 
induced administration of parathormone, the cerebrospinal fluid- calcium is 
only slightly raised, and figures of 12 to 17-2 mg. per 100 cc. in serum have been 
recorded in association with figures of 5-2 to 6-8 mg. per 100 cc. in cerebrospinal 
fluid. These results are shown in Fig. 1. Similar, though rather more variable 
results were found when hypercalcaemia was induced by continuous iiitra venous 
injections of calcium salts [Morgulis and Perley, 1930]. The findings in the 
present series of human cases agree well with those recorded in experimental 
hypo- and hyper- calcaemia. 

Parallel observations of calcium in serum and cerebrospinal fluid in various 
liiiman diseases have been made by Cantarow [1929, 1, 2], Leiclier [1922], 
Piiicus and Kramer [1923], Berenczy [1929], Merritt and Bauer [1931, 1, 2^ 
Critcliley and OTljim [1924], Lennox and Allen [1930], Krai et al [1929], 
Weston and Howard [1922], Parhon and Ornstein [1930], Hamilton [19251 
Halverson and Bergeim [1917], McCance and Watchorn [1931; 1932, 1], and 
Nourse et al. [1925]. The vast majority of the observations of these authors were 
made in cases where the total serum- calcium was normal or only slightly raised 
or lowered. The data obtained in meningitis must be considered separately, for, 
as Merritt and Bauer [1931, 1] have pointed out, the cerebrospinal fluid- calcium 





1984 


F. K. HERBERT 


may rise above normal in such eases. The rise in protein in the cerebrospinal 
fluid in iiiflammator}^ conditions will cause some alteration in the distribution of 
calcium between plasma and cerebrospinal fluid, but there may be other factors 
involved. Observations in such cases are not comparable with those in which 
the meninges are normal and ought not to be used as a basis for the study of the 
normal eqiiilibriimi between plasma and cerebrospinal fluid. The data of 
McCance and Watchorn [1932, 1] for cases of meningitis include some definitely 
high figures for cerebrospinal fluid-calcium (6-5 to 7*9 mg. per 100 cc.), hut the 
majority of the results fall between 5-2 and 0*5 mg. per 100 cc. McCance and 
Watchorn [1931] also record a number of high figures for cerebrospinal fliiid- 
caiciiim in cases of general paralysis, cerebral haemorrhage and cerebral arterial 
sclerosis. 

A very large number of analyses have been made in other human diseases — 
including noii-inflainmatory diseases of the nervous system, mental diseases and 
a wide variety of diseases not affecting the nervous system. In all these conditions 
the cerebrospinal fluid- calcium ranges between 4*5 and 6-5 nig. per 100 cc. with 
only occasional exceptions. 

Parboil and Oriistein [1930] reported low figures for the calcium of cerebro- 
spinal fluid in epilepsy, but this is not confirmed by other authors. 

Data for liypocalcaemia in human subjects are given by Caiitarow [1929, 2] 
in three cases of bronchial asthma; by Merritt and Bauer [1931, 2] in three cases 
of tetany; by Leicher [1922] in one case of tetany; by Lennox and Allen [1930] 
in three cases of tetany; and by Nourse et al. [1925] in seventeen cases of tetany. 
The results show that it is extreme!}^ unusual for the calcium of the cerebrospinal 
fluid to fall below 4 mg. per 100 cc. 

In Fig. 2 are assembled the data for tetany and for various other human 
diseases, collected from the literature, and including the observations of the 
present paper. The data for normal subjects and for cases of mental and nervous 
disease are excluded as being too numerous to plot. Also Gantarow’s results 
[1929, 1] cannot be shown owmg to his method of recording them. 

Observations on the calcium of cerebrospinal fluid after parathormone 
administration in liiinian subjects have been made by Merritt and Bauer [1931, 2] 
in cases of epilepsy, by Cantarow [1929, 2] in cases of epilepsy and bronchial 
asthma, and by Bereiiczy [1929] in various diseases. In the cases of Merritt and 
Bauer the calcium of cerebrospinal fluid remained normal in spite of hyper- 
calcaemia, and in many of Cantarow’s cases the same result was obtained, though 
some showed definite rises in the cerebrospinal fluid- calcium. All Berenczy's 
cases showed rises in the cerebrospinal fluid- calcium, but in ail it was abnormal^ 
high before parathormone was given. 

The relation between the calcium of cerebrospinal fluid aMd the diffusible 

serum-calcium. 

Normally the figures for calcium are approximately the same in cerebrospinal 
fluid and in ultrafiltrate. Very few comparisons have been made in cases where 
the serum-calcium is abnormal. 'McCance and Watchorn [1931], and Greenberg 
[1929, 2] have made comparisons, and found some discrepancies greater than 
can be accounted for by experimental error. In some cases the ultrafiltrate con- 
tained more calcium than the cerebrospinal fluid, in others the reverse dis- 
crepancy occurred, but very few of the figures were definitely abnormal. 
Greenberg considers that ‘‘when the blood- calcium is at a normal stable level, 
there is an approximate approach to an equilibrium between blood and spinal 
fluid, and the spinal fluid- calcium is then a close measure of the diffusible 
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calcium; but on the other hand, when the blood constituents are undergoing 
marked fluctuations the spinal fluid changes do not keep pace/’ On this basis 
the relatively constant figures for cerebrospinal fluid-calcium in animals sub- 
jected to paratli}u*oidectomy or treated with parath3Toid hormone are explained. 
The present work shows that there must be some other factor involved beside 
the time factor — in the case of C. F. the cerebrospinal fluid failed to come into 
equilibrium with the blood after prolonged hyper calcaemia. Hertz [1930] has 
sliomi that in parathju’oid tetany in animals, the diffusible calcium may be low 
while the cerebrospinal fluid- calcium is normal. The results of the present paper 
show similar discrepancies. 

The observation that in tetany the cerebrospinal fluid- calcium is not 
significantly lowered, whilst the diffusible serum- calcium is lowered, may explain 
the fact that the nervous sjnnptoms of tetany are peripheral and not central. 
A reduction in the [Ca+ +] of the fluid in contact with the central nervous system 
has been shown to cause convulsions of central origin [Huggins and Hastings, 
1933 .] 

The distribution of calcium between the diffusible and non-diffusihle fractions 
in protein solutions and in serum. 

For the purpose of the present discussion it will be assumed that the noii- 
diffusible calcium is bound to protein. A number of observations show that the 
diffusible and iion-diffusible fractions of the serum- calcium are not to be regarded 
as independent entities but are in equilibrium with each other. The removal of 
calcium ions by precipitation with oxalate leads to a dissociation of the protein- 
bound fraction, so that the whole of the serum-calcium can be precipitated as 
oxalate. Similarly, the addition of citrate to the serum causes the whole of the 
serum- calcium to become diffusible [Stewart and Percival, 1928, 2], presiimabl}?' 
owing to the removal of calcium ions by the formation of a non-ionised complex. 
The serum- calcium can be completely removed by dial^^sis if very large volumes 
of external saline solution are used; this shows that removal of the diffusible 
calcium disturbs the equilibrium and causes dissociation of the protein-bound 
fraction [Loeb and Nichols, 1923]. The balance between the two fractions nmy 
also be disturbed by the addition of more calcium in diffusible form ; the added 
calcium becomes distributed between both fractions so that at the new equili- 
brium the lion-diffusible fraction forms approximately the same proportion of 
the total as before. This occurs both in vivo and in vitro [Smith and Sternberger, 
1932 ]. 

The conditions of this equilibrium have been studied in dialysis sj^stenis by 
Marrack and Thacker [1926] and by Loeb and Nichols [1923; 1925; 1927, 1, 2]. 
This work has shown that the proportion of calcium which becomes bound to 
protein, in serum or other protein- containing mixtures, depends upon the 
following factors: the protein concentration; the nature of the protein; the 
calcium concentration in the external solution ; the hydrogen ion concentration ; 
the chloride concentration; and the temperature. 'Some of these factors will vary 
in different pathological conditions, and there may be other significant factors as 
yet unrecognised. 

If the protein concentration varies, other factors bemg constant, the ratio of 
the protein-bound calcium to the diffusible calcium varies directly as the protein 
concentration. 

If the protein, p^ and chloride concentrations are constant, and the calcium 
varies, there is a regular relationship between the protein-hound calcium and the 
calcium of the external solution, as is shown by the experiments of Loeb and 
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Meliols [1927, 1]. The regularity of these results is shown in Fig. 3, where the 
results of Loeb and Nichols are plotted in a manner comparable with the other 
charts in the present paper — viz. the total calcium values in the protein solution 
are plotted as abscissae, and the calcium values of the aqueous solutions as 



Kg. 1. 


Fig. 2. 



Calcium in protein solution mg. per 100 cc. 
Fig. 3. 



Fig. 4. 


iig. 1. Relation between serum -calcium and cerebrospinal fluid- calcium in animals at different 
le\(^ 01 parathyroid function (parathyroidectomy; normal; and parathyroid-treated). 

Data collected from the literature. 

Fig. 2. Relation between serum -calcium and cerebrospinal fluid- calcium in human tetany and 
other human diseases. 

Data coUected from the Hteratiire togetlier with those of the present paper. 

lug. 3. The distribution of calcium between serum and external fluid in a dialysis system. Data 
o Loeb and isichols. Each straight line represents the results obtained on one serum sample 
wuieii dialysed against external fluids of varying calcium content. 

Fig. 4. Relation between total and diflusible serum-calcium in various human diseases. Data 
collected from the hterature including the present paper. 

O Cases of tetany. 

• Cases of m’aemia. 

A Serum-proteins below 6 % in cases other than uraemia or tetany. 

■ Hyperparathyroidism. 


or(^nates. Por each serum the result is a straight line, but the straight lines do 

not pass tbrougli the origin — with low calcium concentrations a greater propor- 
tion 01 calcium is protein-bound. Greenberg and Gunther [1929] have pointed 
out that these results are in accordance with Langmuir’s adsorption isotherm. 


CALCIUM OF BLOOD .AND aS.F. 


1987 


A cliaiige in tlie hydrogen ion concentration towards the acid side will cause 
a decrease in the amount of protein-bound calcium, whereas a change to the 
alkaline side will cause an increase. If the reaction is at the isoelectric point of 
the proteins the whole of the calcium becomes diffusible [Loeb and Nichols, 1925 ; 
Pincus et at., 1926]. The changes likely to occur in pathological conditions will 
probabty cause only slight alterations in the proportions of diffusible and iioii- 
diffiisible calcium. Marrack and Thacker [1926] state that a change from 

7-4 to 7*8 will cause the diffusible calcium to fall from 5*4 to 4*5 mg. per 100 cc. 
They make the suggestion that alkalosis tetany may be due to this effect, but 
Greenberg and Gunther [1931] have found that in alkalosis tetany the diffusible 
calcium is normal. Hertz [1929] found a slight, but scarcely significant, fall in 
the diffusible calcium in this condition. 

A fall in chloride concentration causes an increase in the proportion of calcium 
bound to protein, and the effect is large ■ enough to be of importance in patho- 
logical conditions. The figures of Loeb and Mchols [1927, 1] indicate that if the 
total calcium remained steady at 13*0 mg. per 100 cc. one would expect that a 
fall in chloride concentration from approximately 130 to approximately 30 mJf 
•would cause a fall of diffusible calcium from 8 mg. per 100 cc. to approximately 
5 mg', per 100 cc. 

In this discussion the diffusible fraction has been treated as a single entity. 
If it in fact includes two components, an ionised portion and a noii-ionised 
diffusible complex, then there will be two balanced reactions to consider — ■ 
between ionic calcium and protein- bound calcium, and between the ionised and 
noil-ionised fractions of the diffusible calcium. Such subdivisions are still a 
matter of controversy. Benjamin and Hess [1933] subdivide both diffusible and 
non- diffusible fractions according to the amount removed by adsorbing agents. 

Total and diffusible calcimn in pathological conditions. 

The distribution of calcium in human sera in various diseases has been 
studied by McCance and Watchorn [1931; 1932, 2], Benjamin and Hess [1933], 
Greenberg and Gunther [1930, 1, 2, 3; 1931; 1932], Greenberg [1929, 1, 2], 
Liu [1927 ; 1928], Kirk and King [1926], Pincus et at. [1926], Snell [1930], Weill 
[1932, 1, 2] and Hertz [1929]. 

For the purposes of the present discussion the results of these authors, to- 
gether with those of the present paper, have been grouped as follow^s : (1) tetany, 
excluding alkalosis tetany, 28 cases; (2) uraemia, 33 cases; (3) serum -proteins 
below 6 % ill cases other than uraemia and tetany, 20 cases; (4) pregnancy, 
16 cases; (5) lij^perparatliyroidism, 5 cases, and (6) all conditions not included in 
the preceding categories, 180 cases. Some observations have been omitted owing 
to difficulty in classifying them. The last group serves as a control group. The 
“normal” diffusible calcium as judged from these data may be taken as 4-5 to 
6*5 mg. per 100 cc. In 90 % of tlie control cases the diffusible calcium forms 
45 to 65 % of the total and is on the average 52 % . 

Data ill cases of pregnancy vary. McCance and Watchorn [1932, 2] found in 
most instances an unusually high proportion of diffusible calcium; Kiik and 
King [1926] recorded the reverse effect. 

The data from the other groups of human cases collected from the literature, 
together with those reported in the present paper, are assembled in Fig. 4. Here 
the total serum -calcium values are plotted as abscissae and the diffusible 
calcium values as ordinates. The line OA is drawui through the origin and the 
point corresponding to total calcium 10*0, diffusible calcium 5*2; any observa- 
tions where the diffusible calcium forms 52 % of the total will fall on this line,. 


125—2 


1988 


F. K. HERBERT 



wliicli marks the average percentage of diffusible calcium in the control cases. 
Siiiiilaiiy OC and OB represent 45 % and 65 % respectively^ and mark the 
range •within which 90 % of the 'hon-bror' data fall. The actual ^'controF’ data 
are not plotted, hut the lines OA, OB, and OC are derived from them and serve 
as guides to show whether, in the other cases, the diffusible calcium keeps the 
normal proportion or not. Points falling above OB indicate a disproportionately 
low^ non-diffusible fraction, and points falling below OC indicate a disproportion- 
ately low diffusible fraction. 

Ill the group of cases where the serum-protein is below 6 % (plotted in Fig. 4 
as solid triangles), the diffusible calcium is almost always normal, and when the 
total calcium is low, the protein-bound fraction is reduced. This is most clearly 
shown in those cases where the serum-protein is very low^ [Liu, 1927]. 

McCance and Watchorn [1932, 2] state that the protein concentration of the 
serum has no effect on the proportion of non-diffusible calcium. Their data, 
however, were obtained on sera in tiie majority of which the proteins were 
iiormal. It appears that so long as the variations in the serum -protein fall ■wdtliin 
the normal range, the relationship between protein and protein-bound calcium 
is obscured by other factors affecting the equilibrium, but when the protein is 
markedly reduced, the protein concentration becomes the predominant factor. 

The cases of uraemia (plotted as solid circles in Fig. 4) are collected from the 
data of McCance and Watchorn [1932, 2], Pincus et al. [1926], Hertz [1929] and 
the present paper. The proportions of diffusible and non-diffusible calcium vary 
widely, and although in general low^ serum-protein is accompanied by a high 
proportion of diffusible calcium, and marked phosphate retention causes a fall 
in both total and diffusible calcium, it is not possible to explain the figures 
entirely in terms of variations in protein and phosphate. The effects of acidosis 
and of chloride retention probably pla^r a part also. The phosphate retention 
alone should not cause any disturbance of the normal distribution ratio [Marrack 
and Thacker, 1926]. 

It is of interest that a normal diffusible calcium concentration may exist in 
spite of phosphate retention — examples of this occur in the data of Pincus et al. 
and in the present paper. In the more severe degrees of liypocalcaemia the 
absolute value of the diffusible calcium falls, and in such cases tetany may 
occur. No definite ^‘tetany level’’ of diffusible calcium seems to exist in uraemic 
cases. 

In the 15 cases of tetany (plotted in Fig. 4 as open circles) the diffusible 
calcium ranges from 2-0 to 4*2. There are four observations where the points fall 
above OA ; three of these are the data from the ease A. Hi. of the present paper, 
where the serum-protein was below normal. The majority of the other observa- 
tions show a disproportionate reduction in the diffusible calcium as compared 
with the total calcium. This would be expected in hypocalcaeniia with normal 
serum -protein (see Fig. 3). Some of the eases of tetany described by Greenberg 
and Gunther [1931] show a definite reduction in the diffusible calcium associated 
with a normal total calcium figure. The variation in the proportion of diffusible 
to total calcium^ may possibly be connected with variations in chloride meta- 
bolism. ^According to Morris et al. [1931] there are abnormalities of chloride 
metabolism in tetany. Although the proportion of diffusible calcium to total 
calcium is so variable in tetany, these observations on human cases show very 
definitely that the absolute value of the diffusible calcium is always subnormal ; 
all cases of tetany show diffusible calcium values of 4-2 mg. per 100 cc. or lower. 
It is striking that a horizontal line drawn across Fig. 4 at the level of 4*2 mg. 
diffusible calcium per 100 cc. precisely separates the tetany cases from the cases 
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in tlie ''low protein’’ gronp. (The data on human tetany are derived from: 
Greenberg and Gunther [1931]; Lin [1927; 1928]; Pincus et al. [1926]; Snell 
[1930]5 Hertz [1929] and the present paper.) 

The data for diffusible calcium in experimental paratlijnoid tetany are much 
less regular than those just discussed. Such observations have been made by Von 
Meyseiibug and McCann [1921], Cniikshank [1923], Pincus et al. [1926], Peed, 
[1928], Hertz [1930], Benjamin and Hess [1933], Snell [1930] and Moritz [1925]. 

The results of You Meysenbiig and McCann, and Cruikshank were obtained 
using compensation dialysis as a method of determining the diffusible calcium 
and L^mian’s iieplielometric method for the calcium analyses. (Lyman’s method 
has been criticised as giving irregular results.) The majority of the data of the 
remaining authors, who used ultrafiltratioii, show that the diffusible calcium 
falls in parathyroid tetany though the proportion of the diffusible to the total 
calcium is variable. 

The data obtained for dogs at different levels of parathyroid function 
(normals, paratliyToidectomised dogs and dogs treated with parathyroid 
extract) are collected in Fig. 5, which is compiled from the data of Pincus et al., 
Reed, Hertz, Benjamin and Hess, and Snell. The results of Moritz for rabbits 
are similar. 



Fig. 5. Relation between total and diffusible calcium, in dogs at different levels of parathyroid 

function. (Paratliyroidectoiny; normal; parathyroid- treated). 

Bata collected from the literature. 

There are observations in five cases of human hyperparathyroidism — one 
recorded by Benjamin and Hess [1933], two by Snell [1930] a,nd two in the 
present paper. These show that the total and diffusible calcium both rise, 
maintaining their normal proportions (Fig. 4). The data in animal experiments 
are very variable (Fig. 5). Probably in the human subjects, suffering ffnin 
chronic disease, the metabolic conditions are more constant and regular than in 
animals subjected to experimental procedures. The observations in hypo- and 
hy^per-paratimnidism do not suggest that the action of the paratliynoid 
hormone in any way affects the distribution of calcium between the diffusible 
and iioii-diffusible fractions. It seems probable that whatever may be the 
concentration of the diffusible calcium, and whatever the factors that determine 
it, the concentration of the protein-bound calcium will adjust itself to come 
into equilibrium with the diffusible cfalcium, the particular 'distribution ratio 
being determined by the nature and quantity of the protein, the liyMrogen ion 
concentration, and the chloride concentration. No description of the variations 
in the distribution ratio can be complete without a knowledge of all these factors. 
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SXTMIMABY. 

1. Ill liTLiman cases of hypoealcaemia and liypercalcaemia, the calcium of the 
cerebrospinal fluid remains relatively constant in spite of very wide variations in 
seriim-calcmm. 

2. The cerebrospinal fluid- calcium cannot be taken as a measure of the 
diffusible calcium of serum. In hyperparathyroidism the diffusible calcium of 
the serum is greater than the cerebrospinal fluid- calcium ; in tetany and in some 
cases of uraemia the diffusible calcium falls below the cerebrospinal fluid - 
ealeiiim,. 

3. In liypocalcaemia associated with low serum-protein and iioriiial inorganic 
phosphate, the diffusible calcium is normal. 

4. Ill the liypocalcaemia of uraemia, the diffusible calcium of serum ma}^ be 
normal if the recluction in total calcium is only moderate. With the more severe 
degrees of hypocalcaemia, the diffusible calcium falls below normal, and in such 
cases tetany msbj occur. 

5. In tetany, the diffusible calcium falls below normal; the relation of 
diffusible to total calcium is variable. 

6. In liyperparath^nroidism, the diffusible calcium rises, and the normal ratio 
of diffusible to total calcium is maintained. 



I wish to express m.y thanks to members of the Medical and Surgical Staff 
of the Ro3^al Victoria Infirmary and the Newcastle General Hospital for kindly 
giving me the opportunity to carr^^- out the investigations here recorded. 
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It is generaily agreed ’at the present time that the imniediate cause of simple 
hyperplastic goitre is an iodine deficiency, whereby the thyroid gland becomes 
lijTperplastio in an attempt to manufacture an adequate amount of its iodine - 
containing hormone. This is anipty proved by the work of Marine who has 
shown that the administration of adequate amounts of iodine will prevent the 
occurrence of thyroid hyperplasia no matter what the goitrigenic agent. Iodine 
deficiency msbj be absolute or relative, or a combination of the two. In absolute 
iodine deficiency there is a deficient intake; in relative deficiency the intake is 
normal, but either (1) the absorption of iodine from the alimentary tract is 
impaired, or (2) the tissues for some reason utilise larger amounts of the thyroid 
hormone than the gland can normally supply without enlarging. It is this second 
factor which is of importance in studying the fundamental cause of simple goitre, 
for it is probably the essential cause of those thyroid enlargements which occur 
at puberty, during pregnancy and lactation and at the menopause. 

The prodnction of goitre by cabbage feeding. 

Chemiey, Clawson and Webster [1928] discovered that their stock rabbits, 
maintained on a diet consisting of a daily ration of fresh cabbage, a ration of oats 
three times a week and one of hay once a week developed large hyperplastic 
goitres. This was subsequently confirmed by Marine et al. [1929], and by 
McCarrison [1931]. It was further shown by Marine et al. [1929] and Webster 
et al. [1931] that the production of the thyroid hyperplasia was not due to an 
absolute iodine deficiency but to a powerful goitrigenic agent contained in the 
cabbage. Samples of cabbage grown in different parts of the country had 
appi oxiniately the same iodine content but varied greatly in their goitrigenic 
potency, and goitrigenic cabbage when dried in a current of air at room tempera- 
ture lost its power of producing goitre [Marine et al, 1930]. The observation that 
the pitrigenic power of cabbage is not dependent on an absolute iodine 
deficiency has recently been confirmed by Hercus and Aitkeii [1933] in New 
Zealand. An active sample of cabbage may produce in rabbits a thyroid 
enlargement two or three times its normal size in three weeks. Steaming the 
cabbage increases its activity [Marine et al., 1929]. The goitrigenic substance in 
cabbage is extractable with ether [Baumann, al., 1931]. Various vegetables of 
the group, such as Brussels sprouts (B. oleracea, var. bullata gemmifera) 

and cauliflower (B. oleracea hotrytis) were found to produce thyroid hyperplasia 

f same degree as cabbage (B. oleracea capitata) [Marine et al., 

luZuj., 

^ Communicated to the Medical Kesearch Society on October 20th, 1933. 
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Realising the importance of being able to produce goitre in rabbits by means 
of cabbage feeding, we made the attempt in London in 1929| reproducing as 
nearly as possible the conditions to which Chesney’s animals were subjected. 
The aiiiiiiais used wxu’e 3 ^ouiig Dutch rabbits, their weights at the begiiinmg of 
the experiment ranging from 1 to 2 kg. They were housed in separate cages 
and were not exposed to direct sunlight. Wood shavings were used as bedding 
and were renewed once a week. The cages were cleaned out once a week. Six 
rabbits received as then diet a daity ration of fresh cabbage obtained from a 
greengrocer, a ration of whole oats three times a week and hay once a week. They 
receded no water to drink. Six rabbits as controls received a dmij ration of hay, 
bran and greenstuff such as pea-pods. Before the animals were put under 
experimental conditions, the neck was opened under ether anaesthesia and the 
thjnoid found to be iiormal in size and appearance. A small portion of the gland 
removed for section was normal. On February 12th the animals were put under 
experimental conditions wdiich were maintained until December 3rd, a period 
of 295 da^js. Their nutrition and growth were good, but at the end of this time 
their thju’oid glands were normal in size and in histological appearance. 

Marine et al. [1929], Webster et al. [1931], McCarrison [1931] and McCarrisoii 
and Madhava [1932-33] demonstrated later the occiiiTence of seasonal variations 
ill the goitrigeiiic activity of cabbage, cabbage maturing in the autumn and winter 
being active and cabbage maturing in the spring and summer being practically 
inactive. This factor could not account for the negative results in this experiment, 
as the animals received both varieties, and winter cabbage was fed for the two 
months preceding the end of the experiment. It was considered at this time that 
English cabbage was non-goitrigenic. 

Having seen in Marine’s laboratoiy the considerable thyToid enlargement 
which may be produced in 3 w^eeks by cabbage feeding, and taking into con- 
sideration the fact that the goitrigeiiic power of cabbage shows considerable 
variations in different j^ears [Webster et al,, 1931], we repeated these experiments 
in the spring and sunimer of 1933. The cabbage used was summer cabbage and 
was obtained from Cornwall. Negative results were obtained in a batch of four 
rabbits aged 9 weeks which were fed with steamed whole cabbage in amounts 
equivalent to 75 calories |)er kg. per day (the food value of cabbage being 
calculated as 3*1 g. equivalent to 1 calorie), with the addition of 17 g. of whole 
oats and 20 g. of hay twice weekly. 

Although we did not expect positive results with summer cabbage, from the 
negative results which we had been obtaining with other known goitrigeiiic 
agents we began to suspect that our previous failure to produce th}n*oid li^qier- 
plasia by means of cabbage feeding might have been due to an antigoitrigeiiic 
property of the hay and oats which supplemented the animals’ diet. Conse- 
qiieiitl}^ we fed a batch of eight rabbits, aged 2 to 4 months, on fresh cabbage 
(from Buckiiighamshire) dahy ; four received in addition 35 g. of whole oats 
daily, and four 35 g. of rolled oats daily. They received no hay and no water. 
At the end of 21 da,ys those on cabbage and rolled oats had marked thjToid 
h^qierplasia and enlargement ; those on cabbage and whole oats had hjqierplasia 
and enlargement, but less marked (Table I). Tliree animals with marked thyroid 
hyperplasia then continued with their diet of cabbage and oats, with the 
addition however of hay, for a further 21 days. At the end of this time their 
th 3 n*oids had involuted. This was not due to the inactivity of this sample of 
cabbage, since in a concurrent experiment it produced thyroid hyperplasia. 

These experiments show fairly definitely that the hay and whole oats 
obtained in this country have an antigoitrigenic effect, and may explam our 
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Table I. The effect of hay, whole oats and rolled oats on the production of 
goitre in rabbits by feeding with equivalent amounts of cabbage daily for 21 days. 


Hay and whole oats 

' ^ 

Condi- 

Age Weight tion of 


Whole oats. No hay 

— ^ 

Condi- 

Age W^eight tion of 
Sex months in g. tlivroid 


Eoiled oats. Nc 


Age Weight 
Sex months in g. 


-1- = about twice normal size, marked hyperplasia. - -f =slightly enlarged, moderate hyperplasia. - =normaL 

previous failure to produce thyroid hyperplasia cabbage feeding. It is of 
interest that the batch of cabbage used in this experiment matured in the early 
summer and yet in the absence of hay was markedly goitrigenic. A subsequent 
batch of cabbage, however, obtained from the same district in the late siinimer 
during and Just after a period of considerable drought showed little if anjr 
goitrigenic power. This was of value in demonstrating that the rolled oats had 
no goitrigenic effect. It is interesting to note in this connection that McCarrison 
and Madliava [1932-33] found that the goitrigenic potency of cabbage attained 
its maximum after the heavy autumn rains. 

The production of goitre by methyl cyanide. 

It was suggested by Marine et al. [1929] that the goitrigenic agent in cabbage 
acts by depressing some oxidation system, an effect which the th^Toid attempts 
to overcome by producing a larger amount of its iodine- containing hormone 
with consequent hyperplasia. In studying the chemistry of the Cruciferae, to 
which the cabbage family belongs, it was found that the presence of a mustard 
oil (26"othiocyanate) was a specific characteristic of this group of plants [Gilde- 
meister^and Hoffmann, 1916]. Weith [1873] had observed that when a mustard 
oil is distilled under suitable conditions it is converted into its corresponding 
cyanide (nitrile), and about the same time Hoffmann [1874] had succeeded in 
isolating organic cyanides from several of the Cruciferae. These observations, 
and the fact that cyanide is a powerful depressor of tissue oxidation led Marine 
et al. [1932] to determine the effect of the daily subcutaneous injection of small 
doses of various organic cyanides on the th3n‘oid gland of young rabbits main- 
tained on a diet of alfalfa hay and whole oats. Striking thyroid hj^’perplasia and 
enlargement were obtained after 21 days in about 70 % of the animals by the 
daily subcutaneous mjection of 0*1 to 0*15 cc. doses of methyl cyanide, the least 
toxic of the nitriles. This has been confirmed by McCarrison' [1933]. Several 
other organic cyanides produced thyroid reactions to a less degree. The produc- 
tion of thyroid hyperplasia by means of organic cyanides is dependent entirely 
on the gradual libemtion of hydrocyanic acid in the organism, and it was found 
that organic cyanides which are relatively stable, such as phenyl cyanide 
(CgHgCN), produced no thyroid reaction. Further, animals such as chickens, in 
which hydrocyanic acid is liberated only to a very small degree even from such a 
nitrile as methyl cyanide, failed to develop thyroid hyperplasia [Spence, 1933]. 
i he production of th^umd hyperplasia by means of cyanides could be prevented 
by the administration of iodine [Marine et al., 1932], and is an illustration of the 
importance of a relative iodine deficiency in the aetiology of goitre. The particular 
nitrile which may be present in cabbage has not been 'isolated ; in McCarrisoiTs 
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laboratory acid hydrolysis of cabbage yielded 6*3 mg. of cyanogen per kg., whicli 
did not iiecessaril. 3 ^ represent the total amount present [Ranganatlian, 1933]. 

Ill eiideavoiuiiig to repeat the production of thyroid hyperplasia by methyl 
cyanide in London we were again impressed mth the importance of diet in the 
prevention of goitre, a fact which McCarrison has repeated^ stressed. Four 
rabbits, aged 2| to 3 months and weighing from 600 to 2550 g. received daily 
subcutaneous injections of methyl cyanide in doses ranging from 0-06 to 0-16 cc.^ 
They were maintained on a diet of hay, whole oats and tap water. At the end of 
24 da 3 "S their thyroid glands were normal. Because of these negative results it 
was considered that the diet which they were recemng might be markedly 
aiitigoitrigeiiic. To test this lijrpothesis a batch of 24 rabbits, aged 2 to 3-| months, 
were given 0-1 cc. of method cyanide daily, but were divided into four groups, 
which receded various modifications in their diet. All were kept on about 20 g. 
of lia}^ daily, but group I received dailj^ in addition 35 g. of whole oats and tap 
water, group II, 35 g. of rolled oats and distilled water, group III, 35 g. of rolled, 
oats and tap water, and group IV, 35 g. of whole oats and distilled water (Table II) . 
Those on whole oats aiid tap water again had normal th^noid glands at the end 
of 21 days ; of those on rolled oats and distilled water, three had marked th^nmd 


Table II. The effect of methyl cyanide on the thyroid gland of rabbits fed on 
tmiotis diets. (Period, 21 days.) 


Hay, whole oats, tap crater Hay, rolled oats, distilled water 






Daily 






Daily 






dose of 






dose of 






rnetliyl 






methyl 






cvanide 






cyanide 




Age 

IV eight 

(subcut. ) Condition 



Age 

IV eight 

(subcut. ) Conditjon 

No. 

Sex 

months 

ini. 

ce. 

of thyroid 

No. 

Sex 

months 

in g. 

ec. 

oi tliyroici 

55 

F 

U 

1325 

0-1 

__ 

59 

U 

31 

1004 

0-1 

("F 

65 

F 

3“ 

1165 



64 

F 

3 

1167 

J5 

+ 

72 

M 

2y 

1132 


_ 

70 

F 

21 

1075 


-f- -f- 

71 

F 

2l 

1370 



73 

M 

21 

10(39 

„ 


7S 

M 

2" 

992 


r 

77 

F 

2“ 

1102 

55 

— 

79 

F 

2 

1330 


- 

80 

M 

2 

1082 

,5 

_ 

onfcrols receiving no cyanide 



74 

F 

21 

1115 

Nil 

— 







75 

F 

21 

953 

55 

— 







81 

M 

2“ 

1175 

?? 

— ? 







82 

M 

2 

1140 


_ 9 



Hay, rolled oats, tap water 



whole oats, distilled water 

A 

^ 


r 

No. 

Sex 

Age Weight, 

months in g. 

Daily 
dose of 
methyl 
cyanide 
(SLibcut.) 
cc. 

Condition 
of thjwoid 

No. 

Sex 

Age 

months 

Weight 
in g. 

Daily 
dose of 
metl'iyl 

C3^anide 

(subciit. ) C oncii tion 
cc. of thyroid 

72 

M 

31 

1132 

0-1 

i_ 

■71 

F 

31 

1537 

0-1 

68 

M 

3“ 

1217 


__ 

66 

F 


11'75 

™ p 

69 

M 

3 

1175 



67 

F 

3 

1079 

„ r 

100 

M 

21 

1157 


__ 

97 

F 

21 

1.157 

~ ? 

101 

F 

2^ 

1130 


_? 

99 

M 

2.1 

1187 

„ r 

86 

M 

2 " 

992 

0-()75 

- 

98 

M 

2“ 

852 

0-075 ■— 

Controls 

76 

receiving no cyanide 
F 21 

1125 

Nil 

— ? 

60 

F 

31 

937 

Nil 


d- + =more than three times normal size, marked hyperplasia. — !- =slightly enlarged, moderate hyperplasia. 

+ ± ==more than twice normal size, marked hyperplasia. — ? = possibly slightly enlarged, possibly slight hyperplasia, 

-j- =about twice normal size, marked hyperplasia. — =normal. 

Died after four days. 
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I 

i ‘ -t' 



1996 A. W. SPENCE, F. H. A. WALKER AND E. F. SCOWEN 

^argement, two liad normal glands and the sixth died during the experiment. 
The thyroid responses in the other two gi’oups on rolled oats and tap water, and 
on whole oats and distilled water, were either slight or negative. Four control 
animals of the same age and breed, which received no cyanide, but a diet of hay 
rolled oats and distilled water, had normal thyToid glands. The three rabbits in 
group II which had marked thjwoid h3rperplasia were then given whole oats and 
tap water, instead of rolled oats and distilled water, and continued with their 
cpnide injections for a further 27 days. At the end of this time their thwoid 
glands had involuted. 

^ There is thus no doubt that whole oats and tap water are definitely antago- 
nistic to the goitrigenio action of methyl cyanide. From our cabbage experiments 
there is also evidence that better thjToid reactions could be obtained with 
cyamde if the hay were eliminated. Experiments are proceeding on these lines 
lor in order ultimately to test the antigoitrigenie power of various substances it 
IS essential to have a reliable method of producing thyroid hyperplasia, and with 
this m view It is consequently of importance to use a diet which is not anti- 
goitrigenie. On the other hand, it is preferable to use only one goitrigenic agent 
and therefore m producing thyuoid hyperplasia by means of methyl cyanide or 
any other goitrigenic substance, care should be taken to determine that the diet 
is not goitngemc. The diet used should be one which McCarrison terms neutral 
and this will vary m different localities. Cabbage feeding does not form a 
reliable method of producing thyroid hyperplasia, because as mentioned pre- 
\uously the goitngemc activity of cabbage varies so considerably. 

Uo nature of the antigoitrigenie substance, or substances, in 

iiay, whole oats and tap water, we have not made determinations of the iodine 
rV* not lie within the scope of our present research. The iodine 
1 q-mTl /■ u approximately 4y (0-004 mg.) per litre [Houston, 

f. Wa insufficient by itself to prevent thyroid hyp)erplasia under the 

in considering the possibility of any difference 

m the iodine contents of whole oats and of rolled oats, it is unlikely that iodine is 

producing rolled oats. This process consists essentiaUy 
MaW^^e tiren passing the oats between hot roUers. 

^ recently di-awn attention to the occurrence in plants of 
. oOiti oils substances other than iodine. Such substances have to be taken into 
account m considering the antigoitrigenie action of various foodstuffs. 

The relation between the prodwtim of thyroid hyperplasia by methyl cyanide 
(acetomtrile) and the Hunt acetonitrile reaction. 

hypothesis concerning the mode of production of thyroid 
of methyl cyanide have been raised [Thomson and 

workVSi”nQl.\®i ^ appear to run parallel with the 

and tb-,™v- * shewed that the administration of thyi-oid substance 

eJroo?^ dimimshed the resistance to acetonitrile of aU animals tested, 
fdloSul /^plained the diminished resistance to acetonitrile 

WWW lwd,.n^ "" substance by the increased metabolism, 

riSri fw^/ h-om the molecule of 

?efute tW^ ^here is no evidence to 

it hpothesis, and we are m complete agreement with it. SuperficiaUy 

thSTn ^ accordmg to Marine’s theory with which we also concu^, 

thradmMs^atfn^^ u ^ cyanide, then one would expect 

This u hormone to increase the resistance to acetonitrffe. 

s, however, does not necessarily follow, for it would hold only if the 
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aiitagoiiisni between tlijTOid liorinone and cyanide were a direct one. Tlie 
aiitagoiiisin between tlie two substances is more complicated. 

The experiments of Hunt on the diminished resistance to acetonitrile in 
liypertlijuoid animals do not contradict the hypothesis of Marine and his 
collaborators on the inode of production of thyroid hyperplasia by means of 
acetonitrile, because the two series of experiments are not comparable, in that 
they involve two entirely different mechanisms. If thju’oid hormone be given 
before the acetonitrile, so that the organism has an increased metabolism, then 
one would expect the resistance to acetonitrile to be dimiiiislied, as Hunt has 
explained. If, on the other hand, acetonitrile he given without the previous ad- 
niiiiistratioii of thyroid, then there is a depression of tissue metaboMsm which the 
thyroid endeavours to overcome. 

Summary. 

1. Thyroid hyperplasia has been produced in rabbits by feeding cabbage 
which was grown in England, although this cabbage matured in the early 
summer. Cabbage which matured in the later summer durhig a period of drought 
was practically inactive, 

2. Previous failures to produce thyroid hyperplasia by means of cabbage 
were due not iiecessaril}^ to the mactivity of the cabbage, but to the presence of 
aiitigoitrigenic substances in the hay and oats with winch the animals’ diet was 
supplemented. 

3. The production of tii}Toid hyperplasia in rabbits by means of the daity 
administration of small doses of methyl cyanide (acetonitrile) has been confiimed. 

4. In attempting to produce thyroid hyperplasia by means of goitrigenic 
agents, it is essential that the animals’ diet be not antigoitrigenic. It is important 
that their diet should be what McCarrison terms neutral. 

5. The relation between the production of th3rroid hj^perplasia by acetonitrile 
and the Hunt acetonitrile reaction is discussed. 

We wish to thaiilv Prof. E, R. Fraser for the interest he has taken in this work. 
One of us (A, W. S.) is greatly indebted to the Medical Research Council for per- 
sonal and expenses grants. 
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In an earlier paper [Dami, 19325 2] an account was given of experimental work 
devised to ascertain the chamiels through which young mammals receive supplies 
of vitamin A up to the time of weaning. The placenta, the colostrum and the 
milk are the three available channels; but of their relative importance and the 
factors controUing the efficiency of each we know almost nothing. The experi- 
ments previously described were made upon rats and rabbits, and unfortunately 
in these species it was not possible to distinguish between the colostrum and the 
milk. It is therefore necessary to examine the colostrum and milk of other species 
in order to find their relative importance in supplying vitamin A to the suckling. 
At the same time it is to be expected that variation wiU occur between different 
species, and so it will be necessary to examine the colostrum of a number of 
species before drawing any general conclusions about the importance of colostrum 
as a vitamin A carrier. In this paper a preliminary study of cow’s colostrum is 
described. 

Expbbimental. 

The experimental animals. The work to be described consists of a series of 
measurements of the vitamin K and carotene content of the colostrum and milk 
of individual cows of a herd of dairy shorthorns belonging to Cambridge 
University Farm. The composition and management of the herd have been 
described by Mansfield and G-arner [1931], and for the present purpose it is only 
necessary to recapitulate the following details of the feeding of the aniinais. The 
herd gi*azes collectively in summer and in the winter receives hay collectively in 
covered yards. During the winter roots are given to the animals individuall}^ and 
all the year round concentrated foods are given individually to each animal in 
proportion to its milk yield. The roots given are marrow kale, sugar beet pulp 
or mangolds; the concentrates vary according to the market price of the 
constituents, but a typical concentrate contains crushed beans, flaked maize, 
crushed oats, ground nut cake, cottonseed cake, bran and steam bone flour. 
Thus the carotene of the cow’s diet (on which it is wholly dependent for carotene 
and vitamin A in the colostrum and milk) is chiefly supplied by the grass or hay, 
to a small extent by the roots, and much less still by the concentrates. 

In the management of lactation it must be noted that the cows are allowed a 
dry period of two months before calving, and after birth a calf is allowed to suck 

^ Medical Research Scholar of the Worshipfiil Company of Grocers. 
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lor four days before it is weaned and the parent milked. Throughout lactation 
the cows are milked morning and evening and the best milkers in the afternoon 





Mg. 1. The vitamin A concentration in colostrum and milk of individual cows. 

Ill each diagram the columns refer to successive samples of colostrum and milk obtained at 
12-hoiirly intervals; the left-hand column represents the first sample taken Just after calving. 
The height of the closed columns indicates the amount of vitamin A in b.tj. (on the scale 
given) contained in 10 g. of the sample. Columns not closed at the top indicate that the 
12-houiiy sample Avas not assayed, except where the figure 0 is placed above the column to 
show that no measurable amount of vitamin A was contained in 10 g. of the sample. 

' also.^ AU samples examined in this work were taken at morning or' evening 
milldng time except the first sample from each animal, which was taken within 
an hour after calving. 
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Exammation of the samples of colostmyn and milk: Each sample of colostrum 
and milk was examined by colorimetric methods for carotene and vitamin A. 
So far as the writer is aware, no method of separating the vitamin A from milk in 
a way suitable for subsequent application of the Carr-Price test has been 



Fig. 2. The carotene concentration in colostrum and milk of individual cows. 
Arrangement of diagrams exactly as in Fig. 1. 


described. In extracting the carotene and vitamin A it was however found 
' ^ possible to apply the simple alkali digestion method used for animal tissues, 

with slight modification. The strength of potash used in digesting tissues 
(usually about 5 %) is insufficient to digest the proteins of milk in a reason- 
able time. As it has been shown [Dann, 1932, 1] that even strong alcoholic 
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potasli does not destroy vitamin A over long periods of time, tlie effect of strong 
acjiieoiis potash in digesting the milk samples was tried. This lias proved quite 
satisfactoriq and tests have shown that no measurable destruction of vitamin A 
occurs over digestion periods up to twelve hours under the conditions described. 
The following procedure was used throughout. 10 g. of the sample were weighed 
into a 150 cc. conical flask and 10 cc. of 66 % KOH (/wjv) added, after which 
the flask was placed in an oven at 100^ and left for 2-4 hours, when digestion had 
usually proceeded sufficientl}^ far. The flask was then cooled and its contents 
poured into a separating funnel together with 10 cc. of alcohol and 30 cc. of ether. 
On shaking the flask, the fat, carotene and vitamin A present in the digest passed 
into the ether layer, which was then separated, washed, dried and evajiorated in 
the usual way. The resultant fatty residue was dissolved in chloroform and its 
carotene content determined by direct measurement of the yellow colour of the 
solution ill a Lovihond tintoiiieter. This procedure estimates xanthopliyll and 
carotene together, but in the light of recent work [cf. Gillam et aL, 1933] it is 
clear that the error in carotene determination hi butter or milk-fat caused by 
the presence of the xaiitliophyli is on the average about 7 % ; it is therefore not 
worth while separating the xanthophyil as the error inherent in the colorimetric 
method used is greater than that due to the presence of the xanthopliyll. The 
vitamin A content of the chloroform solution was determined by the method of 
Carr and Price, the depth of blue colour produced with SbCls in the Loviboiid 
tintometer being estimated. In order to make sure that the error due to the 
presence of xanthopli}!!! was iiiiimportaiit in carotene estimations on colostrum, 
the xanthopliyll content of three samples of colostrum was determined by the 
method of Gillani et ciL The first samples of colostrum obtained from Maud 6th, 
Cantab Lily and Russet 8tli jneided a mixture of pigments in which the 
xanthopliyll accounted for 7-6, 6*9 and 7*2 % respectively of the total colour. 
The ratio of xaiitliophyli to carotene therefore appears to be the same in 
colostrum as in milk. 

In this way a large number of samples have been examined and the data are 
presented graphically in Figs. 1 and 2. In Fig. 1 the vitamin A content of each 
sample is given in blue units (b.ij.) of vitamin A and in Fig. 2 the carotene 
contents are given in ^^ellow units (y.u.) of carotene. For definition of these 
units see Moore [1929]. 

Biological confirmation of the high vitamin A activity of some samples of 
colostrum. It is evident from Figs. 1 and 2 that some samples of colostrum 
were extremely rich in vitamin A and carotene as compared with later milk, 
and to leave no doubt about the results obtained by colorimetric measure- 
ments two of the richest samples were tested biological^. The following 
method was employed to check the colorimetric estimations. A rich sample was 
chosen — that yielded by the cow Foggathorpe 12 hours after calving, which had 
been found to contain 200 b.ij. of vitamin A and 40 y.u. of carotene in 10 g. 
400 g. of this sample ivere weighed out and digested with concentrated potash as 
described above. The extraction of the fatty residue containing the carotene 
and vitamin A w^as then performed, and the residue wms saponified by boihiig 
ill 25 cc. of 5 % alcoholic potash. The unsaponifiable matter w^as extracted and 
dissolved in coconut oil, sufficient of the oil being added to make 50 g. of solution. 
This stock solution was then examined in order to find what proportion of the 
colorimetrically determined carotene and vitamin A had been extracted from 
the colostrum and transferred to the coconut oil solution. 1 g. of the solution was 
weighed out, saponified and the residue dissolved in chloroform and examined 
as already described for carotene and vitamin A. It was found that 1 g. of the 
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solution contained 166 b.u, of vitamin A and 33 y.u. of carotene, corresponding 
to a total, of 8300 b.f. of vitamin A and 1650 y.it. of carotene in the whole of the 
solution. Tlie 400 g. of colostrum initially contained 8000 b.ij. of vitamin A and 
1600 Y.IT. of carotene, figures identical within the limits of error of the determina- 
tions with those calculated for the whole of the stock coconut oil solution pre- 
pared, so that the coiorimetricalty determined carotene and vitamin A had been 
transferred quantitatively to the coconut oil solution. 

The dajr doses of the stock coconut oil solution to be given in the biological 
test were calculated following the demonstration of Moore [1933] that the 
growth-promoting activities of carotene and vitamin A are approximately the 
same, weight for iveight. The coconut oil solution contained 166 b.u. vitamin A 
and 33 y.u. carotene per g., or 10/3 B.u. vitamin A and 2/3 y.u. carotene per 
drop. (For dosing, dropping pipettes which delivered 20 mg. ± 1 mg. of solution 
ill each drop were used.) From the best figures available [cf, Moore and Woolf, 
1932; Carr and Jewell, 1933], ly vitamin A=4: b.u. and ly caroteiie = 2 y.u., so 
that one drop of the coconut oil solution contained 5/6 y vitamin A+l/3y 
carotene, roughly equivalent to 7/6y of vitamin A. The minimum dose of 
carotene or vitamin A required to secure growdli throughout a 10-week test 
under conditions employed in this laboratory was sliomi by Moore [1933] to be 
about 0*5y, therefore the dosing solution (prepared from the stock coconut oil 
solution weekly) was made by diluting the stock solution to 8/3 times its own 







Bucks each recei\dng 2 drops 
of dosing solution daily. 


Bucks each receiving 1 drop 
of dosing solution daily. 


Negative 

controls 


Fig. 3. Growtli curves of animals used in biological test. The rats used were three trios of matched 
bucks. One drop of dosing solution is equivalent to 60 mg. of the second sample of colostraiii 
obtained from the cow Foggathorpe. 


weight with coconut oil, producing a dosmg solution containing the equivalent 
of 7/16y vitamin A per drop. Two levels were tested, 1 drop and 2 drops daily, 
and the weight curves of the animals appear in Fig. 3. These show that 1 drop 
of the dosing solution daily is barely sufficient to promote growth throughout 
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tlie 10” week period ^ wiiile 2 drops daily suffice for good growth. The growth- 
promoting activity of the solution thus tallies closely with that to be expected 
from the carotene and Yitainin A content estimated colorimetrically and confirms 
the remarkable rieliiiess of the colostrum sample. The equivalent of 120 mg. 
of this colostriiiii daily promoted rapid growth in the rat. The richness of the 
sample obtained from the cow Janet 3rd immediately after calving was also 
coiifiiined in the same way. 

Discussion. 

Little previous work lias been recorded on the vitamin A content of cow’s 
colostrum. Driiinmoiid et uL [1921] found that “the concentration of vitamin A 
ill the fat of colostrum is decided!}^ higher than in the fat of later milk,” but 
their results give no quantitative information about their relative vitamin A 
contents and no other data appear to have been published. . 

The results tabulated above give a- ciuantitative statement of the vitamin A 
and carotene content of a series of samples of colostrum from individiiai cows 
and heifers of a well, controlled herd. Among the cows examined, the late milk 
contained generally 2-5 b.it. of vitamin A per 10 g., but many samples of 
coiostruiii contained over 100 b.it. (the highest 280 b.it.) of vitamhi A per 10 g. 
The colostrum of every cow and heifer was richer in vitamin A than its later iiiillv ; 
taking a value of 3 b.it. per 10 g. as an average for the vitamin A content of the 
later milk of cows of this herd, then the richest samples from 4 animals contained 
10-20 times, from *7 animals 30-60 times and from 3 animals 60-100 times as 
iiiiich vitaiiiiii A as tlie “standard milk,” For every animal except one the 
colostrum iiad a maximum vitamin A content immediately after birth or in the 
next 12 hours, and the vitamin A content fell rapidly for a few days and then 
more slowly for a further 5-10 days until it reached the value for milk. Siiiiilaiiy 
the carotene content of early colostrum from each animal was higher than that 
of later milk and was ver}^ variable. The carotene and vitamin A contents of 
the best sample of colostrum from each animal are given in Table I m terms of the 
concentrations in the “standard milk.” 


Table I. 

Maxiiiium carotene and Titamiii A concentrations of samples of colostrum of each animal in 
terms of tlie coneeiitra,tioiis in “standard milk” of the herd. (Standard milk contains S b.'ij. 
vitamin A and 2 y.u. carotene in 10 g.) 

Vitamin A eon- Carotene con- 
centration of centration of 
richest sample richest sample 


xlnimal 

Date of calving 

Cow or heifer 

of colostrum 

of colostrum 

Maud 6tli 

Dec. 1 

H 

70 

60 

Janet 2iid 

Dec. 4 

C 

50 

6S 

Cantab Lily 

Dec. 10 

H 

93 

53 

Flora 3rd 

Dec. 17 

G 

33 

33 

Star 3rd 

Dec. 24 

C 

42 

15 

Lily 

Feb. 6 

C 

10 

4 

Star 4tli 

Feb. 10 

C 

10 

2 

R)iisset Stli 

Feb. 17 

H 

42 

12 

Constance 2iid 

Feb. 27 

H 

42 

20 

Cantab Maud 

Mar. 7 

C 

13 

4 

Janet 3rd 

Mar. 12 

H 

50 

7 

Daisy 5tb 

Mar. 21 

C 

17 

10 

Foggatborpe 

Mar. 25 

c 

66 

20 

Maud 4th 

May 0 

c 

42 

10 

“Standard milk” 



1 

1 
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All interesting point in tlie carotene and vitamin A economy of tlie cow is 
revealed in Table I, wliicli shows that although colostrum very rich in vitamin A 
was produced by animals calving at the end of the winter feeding period, no 
animal calving later than December 10th gave a colostrum very rich in carotene. 
Thus although the cow depends for its vitamin A on transforming the carotene 
of its diet [Sloore, 1932], it is able to secrete vitamin A in large amounts in 
colostrum at a time when its diet is poor in carotene, so that it is evident 
that the colostrum is emiehed with the vitamin at the expense of a large store 
ill the bodj^, presumably in the liver. A further pouit of interest is that the 
heifers generally produced richer colostrum than the cows. The average vitamin A 
content for 10 g. of the colostrum present at birth was: for heifers 157 b.f. 
(varying from 100 B.u. to 210 b.xj.) and for cows 66 b.ij. (varying from 10 b.f. to 
; 'i 150 B.u.) . This distinction between the colostrum of cows and heifers is pre- 

sumably clue to the heifer having greater reserves of vitamin A because the 
reserves have not been depleted during previous lactation as with the cows. The 
figures for carotene content of the colostrum camiot be compared in this way 
because the season exerts a marked effect, and it happened that the heifers 
1 calved earlier in the season than the cows. 

The importance of colostrum in siipph-ing a reserve of vitamin ik to the 
newborn calf is seen from the table and figures to be considerable. Kuttiier and 
Ratiier [1923] have stated that at calvuig the mother’s udder contains from 
2 to 20 lbs. of colostrum which is ingested reflexly by the calf. In view of this, 
the following calculation may be apphed to the shorthorn cows studied. Suppose 
that a t3?^pical cow of the herd studied has 10 lbs, of colostrum available for the 
calf containing 100 b.u. per 10 g. (10 of the 14 animals gave colostrum richer 
than this) then the total amount of vitamin A in the colostrum available is 
approximately 45,000 b.u. In addition, if calving occurs during or soon after the 
, close of the summer feeding period, there may be 45,000 y.u. of carotene in the 

colostrum available at bhth. Thus the calf at birth is endowed with a large 
reserve of vitamin A and, according to season, possibty with carotene also : a 
^ reserve which it would requhe weeks to build up if colostrum were no richer in 

vitamm A than milk. 

The relative importance of colostrum in supplying vitamin A to the calf is 
well illustrated by figures for the cow Star 3rd. This cow gave colostriiiii con- 
taining 125 B.u. vitamin A per 10 g. and assuming the average quantity of 10 lbs. 
of colostrum, the vitamin A store available for the calf would amount to 
J 55,000 B.u. Now this particular calf was killed by accident during birth, so that 

j the carcase was available for examination. The liver weighed 800 g. and 

contained 75 b.u. of vitamm il per 100 g., or a total store of 600 b.u. The call* 
was born with 600 b.u. and 55,000 b.u. of vitamin were immediately available for 
it: this perhaps may be taken as a measure of the relative importance of the 
placenta and colostrum in providing the young of this species with a reserve of 
vitamin A until more figures can be obtained. 

Further work on these lines is in progress. 

I SUMMABY. 

t: ■ 

1. A convenient method is described for extracting carotene and vitamin A 
from mihi and colostrum samples. 

2. This has been applied to colostrum and milk from fourteen cows of a 
dairy shorthorn herd. 

'f' ^3. The vitamin A concentration in colostrum may be from ten to one hundred 

times greater than in later milk from the same cow independently of season. 
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4. The carotene content of colostrum may be as much as 70 times greater 
than ill later milli unless calving occurs during late winter feeding. 

5. The colostrum of heifers is generally richer in vitamin A than the 
colostrum of cows (on the average over tmce as rich). 

6. The importance of colostrum as compared with the placenta and mi lk as 
a source of vitamin A for the young calf is demonstrated. On the first day of life 
the calf receives supplies of vitamin A greater than the later milk could give in 
20-50 days. 

My warmest thanks are due to the Director of the Cambridge University 
Farm (Mr Mansfield) and liis staff, without whose continued ungrudging assistance 
and interest this work could not have been contemplated. 
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CCLXXII. VITAMIN C IN THE SUPRARENAL 

MEDULLA. 

By LESLIE JULIUS HARRIS and SURENDRA NATH RAY. 
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It .is already known that the suprarenal gland is an extremely potent source of 
vitainiii C, but hitherto the activity has been thought to be restricted to the 
cortex. Ill the present paper, however, it is shown that the medulla of the 
suprarenal is also intensely active, its potency falling but little short of that of 
the cortex. Our results indicate that ox suprarenal cortex has an activity of 
about 30 international units per gram and ox medulla of about 20 units, be. no 
less than two-thirds of the former. In other words the cortex has about thrice 
and the meduUa about twice the potency of fresh orange juice or lemon juice (the 
international standard of vitamin C activity). 

Szent-Gyorgyi [ 1928 ], struck by the peculiar silver-reducing power. of the 
cortex, isolated from it the . substance thought to be responsible— first caUed 
liexuronic acid, but later, after its identificatio.n ■with vitamin C, renamed 
ascorbic acid. The intense antiscorbutic activity of the suprarenal cortex was 
demonstrated in papers from this laboratory [Harris, Mills and limes, 1932 ; 
Harris and Eay, 1932 ; 1933 , 1] and the degree of activity was shown to be 
commensurate with its richness in liexuronic acid. A chemical method for 
estimating the latter, based on modifications in the use of Tillmans’s oxidation - 
reduction indicator 2 : 6-dichlorophenoiindophenol was worked out and apphed 
to various animal and vegetable materials, and the surprising discovery was 
made that certain tissues, including the suprarenal mediilia, not hitherto 
recognised as sources of vitamin C, also gave a high titration va,lue [Harris and 
Ray, 1933, 1, 2; Bnch, Harris and Ray, 1933; Birch and Bann, 1933; Harris, 
1933, 1]. This result at once suggested that the absence of the silver reaction 
was ill reality little guide as to the presence or absence of vitamin C, a conviction 
which "was strengthened by our further observation that the medulla and co.rtex 
of different species, as well as a variety of other tissues {e.g, liver), might stain or 
not^in the most ^ erratic order with little apparent parallelism with their true 
antiscorbutic activities. Again liver extract and other tissue extracts although 
rich ill vitamin C did not reduce silver. Similarly Gough and Zilva [1933] have' 
recently noted that human suprarenals may fail to darken at all with silver 
(their vitamin C potency, ^ however, not having been tested). The chemical test 
foi vitamin C, although it is knowm to be reasonably specific, may give high 
results in certain exceptional cases, and it was therefore necessary to check the 
titration results on the suprarenal medulla against direct feeding tests. The 
biological determination gave results in complete agreement with the indopiieiiol 
titration. We have recently repeated these feeding tests and exactly con&med 
our earlier results. 
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Experimental. 

The technique, using the histological tooth structure method, was the same 
as that described in earlier papers \e,g, Harris and Ray, 1932]. 

Ill the first test a group of three guinea-pigs received daily 1 g. of freshly 
excised ox suprarenal mediiUa and control groups received 1, 2 and 3 cc. of 
orange Juice. The second test was similar except that the last group was omitted. 
The results are shown in Table I, and are analysed in Fig. 1. 

% 

Table I. Antiscorbutic activity of ox suprarenal medulla. 


Degree of protection 


Supplement 

Individual animals 

First determination 

Mean 

Suprarenal medulla, 1 g. 

2, 2, 3 

2-3 

Negative control 

0, 0-5, 1 

0*5 

Orange juice, 1 cc. 

1, 2, 1, 1-5 

14 

2 cc. 

3, 2-5, 2*0, 2 

24 

3 cc. 

3*5, 3*0, Lo, 3-5 

2-9 


Second determination 


Suprarenal medulla, 1 g. 

1-5, 1*0, 2 

14 

Negative control 

0, 0, 0 

0 

Orange juice, 1 cc. 

0*5, 1, 1'5 

1 

2 cc. 

1, 2, 2-5 

1-8 



Fig. 1. Comparison of protective power of suprarenal medulla and orange juice. 

X orange juice; G medulla. 

Results. As is seen from Fig. 1, 1 g. of suprarenal cortex was found to have 
the same biological activity as 1-9 cc. of orange Juice. This same figure was 
obtained in both series of tests. It agrees exactly also with that calculated from 
the chemical titration, according to which 1 cc. of orange Juice was found to 
contain 0-6 nig. ascorbic acid, and 1 g. of medulla T1 mg. (see Table II). 

Lach of correlation with silver stain. It is seen that although the ox medulla 
does not stain with silver in Szent-Gyorgyi’s method, and the cortex does, 
nevertheless the medulla contains vitamin C in almost the same order of 
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Table II. Vifamm C content of ox su^^rarenal medulla: agreement hetimen 
biological and chemical residts. 

Amount of orange juice 
equivalent to 1 g.' of 
medulla 

By biological test 1-9 cc. 

By chemical test 1-8 cc. 

concentration as does the cortex. It is apparent at once, therefore, that the 
absence of a silver stain is no infallible indication that large amounts of Vitamin C 
may not be present in a given tissue. Liver and certain other tissues appear in 
fact to contain a substance or system which protects silver nitrate from reduction 
by ascorbic acid. Thus we find that when ascorbic acid is mixed with the tissue 
extract it no longer reduces silver. 


Physiological consideeations. 

1. The suprarenal not a reserve store of vitamin C. At first sight the fact that 
the suprarenal contains a concentration of vitamin C so many times greater than 
that present in the body as a whole might be thought to indicate that it serves 
as a reserve or storehouse, in the same way that the liver is known to put away 
reserves of vitamin A for the future use of the body. This interpretation indeed 
seems to have been aheady adopted in some quarters. The following considera- 
tions, however, show that this conception cannot be accepted. In the first place 
the total amount of ascorbic acid in the adrenals of the guinea-pig is no more 
than about 0-5 mg.; i.e. not sufficient to provide the vitamin C needs of the 
body for more than about 24 hours. This should be contrasted with vitamin A 
of which enough can easily be held in the liver to provide an animal with its 
needs for a whole lifetime. Secondly, we find that the amount in the suprarenal 
does not appear to be raised sigm’ficantly above normal limits after extra 
allowances of vitamin C have been given. This finding again is m sharp contrast 
with all experience with vitamin A, where the reserves, and hence the time of 
depletion depend entirely on the pre-experimental diet. Thirdly, if the vitamin 
were held as a reserve we should expect it to disappear from the suprarenal 
during the eariy staps of a vitamin C-free regimen and no scorbutic sjunptoms 
to develop until simh reserves had been drawn upon. This is what happens with 
mtamm A, no lU-eftects beginning to appear until the very last traces of vitamin A 
have been used up from the fiver. But with vitamin C on the contrarv we find 
that the amount m the suprarenal diminishes gradually durmg the whole course 
ot scurvy. At the tenth or twelfth day when teeth lesions are already far 
advanced there may stffl be considerable amounts of ascorbic acid hi the 
suprarmal; and apin, at death from scurvy it is not unusual to find small 
amounts of ascorbic acid still present in the organ. 

2. The suprarerml ard the synthesis of vitamin C by certain s 7 Kcies. In an 
earlier paper [Hams aiffi Ray, 1933, 2] we mentioned that the suprarenal of the 
ilf considerably richer in vitamm C even than that of the ox or normal 

OToni '^ 1 ®’ titration result, the activity being ten times 

peater than that of orange juice, or 6 mg. of ascorbic acid per g. Biological 
tests (curative method) have confirmed this conclusion, both for normal rats’ 
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Since the rat is known to s^nitliesise its own vitamin C (as the above ^test 
further demonstrates), and one of ns lias shown the same to be true also of the 
clog [Harris, 1931], it seemed a possibility that the suprarenal might be the site 



Fig. 2. Curative tests on guinea-pigs, witli rat suprarenals from rats (I) fed on Titaniiii C-free 
diet and (II) fed on the vitamin C-free diet cabbage. 

experimental curative period; vitamin C-free diet; negative controls. 


of the sjmthesis in such species. In order to try and test this working hypothesis, 
a number of rats w^ere submitted to adrenalectomy^ and then placed on a 
vitamin G-deficieiit diet, consisting of 


Bran 
Oats 

Egg-yolk ... 

Salts 

Cod-liver oil 
(Provision of eucortoiie or adrenaline 


80 parts bv weight 
720 
40 
8-4 
1 % 


! appears to be unnecessary for this species.) 
If the suprarenal were in fact concerned in the sjuithesis of vitamin C in the rat, 
we had hoped that symptoms of vitamin C deficiency might appear. However, 
the rats seemed to thrive normally after the operation and on the vitamin C-free 
diet. LTiifortiinately this finding can only be regarded as a negative result and 
cannot be taken as final and conclusive evidence of lack of suprarenal sTOthesis ; 
since two objections might legitimated be raised — first, that small amounts of 
accessory tissue had escaped .removal; and, secondly, that there had occurred 
some regeneration of new tissue after the operation. We did in fact obstwve in 
three out of four animals killed after four weeks what appeared to be rudiments 
of such new tissue. Taking all considerations into mind, however, the weight of 
evidence seems to be definitely opposed to the theory that the synthesis of 
vitamin C, which is known to occur in species like the dog or rat, has its seat in 
the suprarenal. 

If, as appears likely, the physiological properties of ascorbic acid depend 
essentially on its s|)ecialised reducing properties, it may be supposed that the 
large amounts in the suprarenal cortex are involved in a system needed to 
maintain adrenaline -like substances in a reduced condition. Work in another 
connection [Harris and Fish, 1928-29; Harris, 1933, 2] has shown that in certain 
other sites vitamin C seems to be needed primarily for maintaining the functional 

^ We are indebted to Prof. J. H. Bum for kindly demonstrating the technique. 
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activity of certain t^^pes of cells and preventing their- premature degeneration, 
e.g. osteoblasts, odontoblasts, ameloblasts, cementoblasts (so that vitamin 0 in 
this respect may be contrasted with vitamin D which does not act directly on 
cell structure m the bone and teeth but tlnough phosphate and calcium meta- 
bolism). In tissues such as the tooth pulp and growing bone, however, in 
contrast with the suprarenal (and certain other organs) in which vitamin C 
appears to play an equally important r61e, it may be noted that there is no 
appreciable increased local concentration of vitamin C. 


Summary. 

1. The medulla as well as the cortex of the suprarenal is intensely rich in 
vitamin C. 

2. The cortex (in the ox) is about thrice and the medulla about twice as 
potent as orange Juice (or standard lemon juice), weight for weight. 

3. The biological results agree precisely with the chemical titration, showino- 
that ox .suprarenal medulla contains about M to 1-2 mg. of ascorbic acid per «. 

4. A negative silver stain is no certain guide as to the presence or absence 
of vitamin C. 

5. The significance of the localised concentration of vitamin C in the 
suprarenals is discussed. It is .shown that it cannot be regarded as a reserve store 
lor the body, comparable for example with the vitamin A resources of the fiver, 
it IS thought more probable that it is needed for protecting the normal functional 
activities of the organ._ To test the theory that the suprarenal is engaged in syn- 
thesising the vitamm in such species as are known to make their own (such as 
dogs and rats), adrenalectomised rats were fed on vitamin C-free diet for periods 
ol several weeks to see whether scurvy developed, but with negative results. 

6. Rat suprarenal has the extremely high activity of about three times that 
o le ox or normal gumea-pig, or ten times that of orange juice, as determined 
biologically and by titration (6 mg. ascorbic acid per g.). 
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IN HUMAN URINE AND ITS DEPENDENCE 
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Meseareh Council. 

(Meceived November 2nd, 1933.) 

Peevioits papers from this laboratory liaA^e dealt with the application of the 
titration method with 2 : 6-dichlorophenoliiidophenol to the estimation of 
vitamin C in various animal materials [Harris and Ray, 1933, 1, 2; Birch 
1933; Birch and Dann, 1933; Harris, 1933]. Results on human urines are dis- 
cussed ill the present cominiinication. A principal purpose we had in mind in 
undertaking this enquiiy ivas to discover whether any relation could be found 
between urinary loss and the state of nutrition of the individual in respect to 
vitamin C sufficiency or siibnormality. Any such index would obviously be of 
great value for practical liiimaii dietetics. 

Previous biological work has failed to demonstrate the presence of vitamin C 
in iiiine [van der Walle, 1922], but a note just published by Eekelen et al. [1933] 
mentions, without giving actual data, that the reducing substance in urine is ■ 
higher in persons using much fruit. 

Method. 

The micro -method of Birch et al. [1933] was used throughout. The luiiie to be 
examined was made acid with trichloroacetic acid (final concentration of latter, 
5 %) and titrated from a micro-burette reading to 0*01 cc. against 0*05 cc. of 
the indicator, which had been previously standardised against ascorbic acid. 
Titrations were carried out immediately after, or withm a few minutes of, urina- 
tion, as we found that the titre tended to fall in urine which had been allowed to 
stand for long. It is essential to carry out the titration rapidly and reach the 
end-point within about 1 min., otherwise erroneously high values will be caused 
by phenolic or similar substances in the urine reducing the indicator slowR^ 
Urines are sometimes encountered which are too dilute to give a satisfactory 
end-point. If a reading is required for such an 'individual it is necessary to 
restrict his fluid intake. 

The results to be described make it clear that the titration figure bears a 
genuine relation to vitamin C metabolism, but hi expressing our results for 
convenience in terms of so many mg. of ascorbic acid we wish to make it clear 
that it is without prejudice to the question of the invariable specificity or other- 
ivise of the reaction. 

Experimental. 

Excretion after large dose. Our most detailed observations were undertaken 
with the object oi obtaining a quantitative picture of the course of excretion of 
the vitamin after the administration of a single large dose. These results will be 
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described first. In tbe experiment represented, in Fig. 1, A. W. drank 600 cc. of 
orange Juice at 9 a.m., restricted himself for several days thereafter to a vitamin 



Fig. ,1. Sudden rise in concentration of vitamin C in urine following large dose of orange 

juice (given at arrow). 



Fig. 2. Complete 14-day (half scale) record of vitamin C concentration in urine. Sudden rise in 
concentration after large dose of orange juice (given at arrow), followed bv fall to witliin 
normal limits within 48 hours. ^5= = diuresis after beer drinking. 


C-free diet, and estimated the vitamin C content of his urine at frequent intervals. 
The results show that the vitamin C excretion had ah’eady begun to rise markedly 
after 1 hour, had reached a maximum in about 3 hours, and fallen to the original 
level again by the end of the thhd day. At the third hour, at the peak of the 
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curve, tlie concentration of vitamin C in the urine was no less than seven times 
greater than the normal figure. In nine hours, 76 mg. out of the original 300 mg. 
taken (the latter value being based on the titration figure) had been voided, and 
ill the course of 3 days about 250 mg. 

A second experiment was conducted along similar lines (Figs. 2 and 3), and 
the same typical sudden rise followed by rapid fall to a level value was again 
seen. In this experiment 556 mg. of ascorbic acid were taken in one dose 



orange 

juice 

Mg. 3. Total claity outputs of vitamin C in urine, showing increase after large dose, and late^’ 
steady output of about 33 mg. per day. ' ’ 

(600 cc. orange juice) and observations were contmued for over a fortnight 
afterwards. It will be noted that the maximum rate of excretion was reached 
ill 3 hours, that after 24 hours the excretion w^as only little above normal and 
that it had quite cboppecl back to normal after 50 hours. (At the peak the urine 
contained as much as eight or ten times the normal concentration of vitamin C 
and the total weight of ascorbic acid excreted in the first 10 hours was 132*4 
mg. compared with a normal of about 20 mg. for a corresponding day-time 
period.) For a further 6|- days the vitamin C-free regimen (eggs, cheese, hiitter, 
bread, various cereals) was continued, and it was found that the amount of 
vitamin C excreted continued to remain extremely constant, between limits of 
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32-5 and 35-3 mg. per day (average 33-6), and with an average concentration of 
about 0-03 mg. per co., a level we find to be characteristic of most of the normal 

specimens we Imve examined. 

No departiu-e from this steady state occurred when the subject recommenced 
a normal diet, 10th to 15th day of experiment. 

Normal urines. Tests on urmes from normal individuals on ordinary mixed 
diets ave recorded in Table I. All are males. The first four are laboratory 

Table I. Urinary excretion of vitamin C by men on normal diets. 


Subject; 
C4. a, G. 


8. G. I. 


A. W. B. 


S. A. 


Time 

Total volume 
of urine 
passed 
cc. 

10.30 a.m. 

165 

2,45 p.m. 

130 

9 a.m. 

610 

12 noon 

140 

1 p.m. 

75 

4.30 p.m. 

255 

9 a.m. 

360 

1 p.m. 

235 

10.30 a.m. 

230 

1 p.m. 

115 

4.30 p.m. 

160 

5.30 p.m. 

110 

9 a.m. 

725 

10.30 a.m. 

115 

1 p.m. 

210 

2.45 p.m. 

305 

4 p.m. 

260 

5 p.m. 

260 

9 a.m. 

740 

1 p.m. 

500 


* Diuretic specimen. 


Weight of 

Concentration - 

vitamin C in vitamin C in 

total specimen urine mg. 

mg. 

per ce. 

8-35 

0-050 

6-96 

0-053 

12-85 

0-021 

Av. 0-032 

2-71 

0-019 

1-45 

0-019 

7-26 

0-02S 

10-11 

0-02S 

4-77 

0-020 

Av. 0-024 

10-44 

0-045 

5-03 

0-044 

2 '55 

0-016 

4-64 

0-042 

15-47 

0-021 

Av. 0028 



1- <0-014 


assistants. It will be seen that the figure is generally very close to 0-03 mg. per 
ce. of urine and the daily output does not vary far from about 30 mg. (see 
iable ip. An example is included of one subject (S. A. C.) who had diuretic 
tendencies, and the concentration was insufficient to permit a clear end-pomt 
hemg reached m the titration. ^ 


Table 11. Average cwicentration and daily output of vitamin C hi urine in 

normal males. 


Subject 

A. W. B. 
G. G. G. 
S. A. 

S. G. I. 

S. N. R. 

T. W. B. 
W. J. B. 
L. J. H. 


mg. of vitamin C 
per cc. of urine 

0-028 
0-032 
<0-01 
0-024 
0-027t 
0 022t 
0-017t 
0-016t 


Approximate total output 
(calculated.) (mg.) 

38-1 in 24 boui’s 
28-2 


ca. 10‘0 in 10-12 hours 


* Diuretic specimen, f Based on single titrations only. 
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Results quoted in the last section' show also that the urine which lias 
collected in the bladder during the night and is excreted first thing in the iiioriiiiig 
often tends to become rather more concentrated as regards the vitainiii. 

Siiice the daity output of vitamin C in the urine seems to be at so constant a 
level ill many individuals it is of interest to compare it with the reputed niiiiimum 
daily need. This is stated to be “1 oz. of orange or lemon Juice per day” {i.e. 
about 20 mg. of ascorbic acid). It would appear therefore that the average 
individual excretes daily in his urine an amount of vitamin C of a similar order 
to, but definitely soniewiiat greater than, the bare amount needed to prevent 
scurvy . It may be expected from this that whenever the vitamin G intake falls 
below a safe margin an effect should be readily apparent on the urine. We hope 
to present data of urinary excretion in Rarlow^'s disease and the response after 
vitamin C as compared wdth normals in illustration of this. The most accurate 
general procedure would appear to be to determine the total dail^^ output after 
48 hours on a vitamin C-free regimen. This rules out irregularities due to abrupt 
changes in urinary volume and to the more immediate effects which follow 
directly on the administration of a single dose of the vitaiiiin ; if necessary also 
the fluid intake may be restricted in order to give a urine concentrated enoiigli 
to ensure a sharp end-point in the titration. 







Summary. 

1. The vitamin C content of human urines has been determined b}^ the 
titration method. 

2. In a number of normal individuals the amount of vitamin C excreted in 
the urine w^as surprisingly constant, generally in the neighbourhood of 30 or 
33^ing. per day, or roughly 0*02—0*03 mg. per cc. of urine (this coiicentratioii 
beuig nattnally lowered in diuresis, and being sometimes rather higher in the 
more concentrated early morning urme). 

3. If a normal individual is given a single very large dose of vitamin C 
(e.g. 600 cc. of orange juice, 30 times the reputed daily requii'ement) , the con- 
centration of vitamin C in the urine sharply rises, reaclimg in about 3 hours a 
maximum as high as, e.g., 8 or 10 times the '"normal”; it then rapidly drops 
again and within a day or so reaches the “normal” resting level of about 33 mg. 
excreted per day where it remains remarkably steady although the sub j ect may 
be restricted, e.g. for a wuek or more, to a vitamin G-free diet. 



4. This “normal ” daily loss of about 33 mg. is somew^hat greater than the re- 
puted minimum daily requirement for man {viz. “ 1 oz. of orange or lemon Juice ”) . 

5. The technique described has possible applications for dietetics, ' for the 
diagnosis of liypovitaminosis-C in human beings. 
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The results to be described in the present paper confirm conclusions given in an 
earlier note [Harris and Ray, 1933]. We reported there that ascorbic acid- 
specimens de.rived from two di.fi:erent raw materials were examined — had an 
activity such that 2 mg. were ec|uivalent to 3 cc. of orange Juice. This would 
appear to indicate an activity of 15 International Units per mg., since orange 
Juice is generally assumed to have an activity about equal to that of lemon Jui^, 
and the^ ascorbic acid contents as estimated by titration are similar. To coiifirin 
the original finding, and obtain a value of as highly precise a nature as possible a 
rather more elaborate test was then carried tlmough and concluded in May 1933, 
and the same result was again obtained. A note by Key and Morgan [1933] 
which has just appeared gives a somewhat lower value than ours — viz. 7*4 
instead of 15. Our results, although they are based on the use of orange juice as 
a secondary standard and not on a dii‘ect comparison with lemon juice as 
primary standard (which, however, may vary considerably in potency, as shown 
below), have the advantage of being founded' on more extensive statistical data 
and involve also a more direct comparison with standard material fed simultane- 
ously at the identical levels of potency, and we think it may be of interest to 
publish the details. 

Experimental. 

The ascorbic acid was a very pure specimen from paprika, several times 
recrystalhsed and giving an iodine titration of over 99 % of the theoretical The 
tooth structure method [Hojer, 1924; 1926; Key and Elphick, 1931] was used, 

A the same as previously indicated [Harris and Ray, 

1932], A.seorbic acid w^as fed to groups of guinea-pigs at three different levels 
l-o mg', 2;0 mg and 2-5 mg. per day. (The doses were weighed out daily and 
dissolved m air-free water immediately before administration, the dilution being 
such that 1 mg. of ascorbic acid was present in 2 cc. of water. The main specimeS 
was kept in a,n atmosphere of CO^ and stored dry at 0°.) Simultaneously three 
ditterent levels of orange juice were fed to controls, at what were adjudged on 
the basis of the earlier tests, to he corresponding levels of activity, viz. 2-25 cc., 

6 cc and 3-75 cc. Six animals were included in each group. These particular 
levels of activity- were chosen as givmg a fairly fuU degree of protection, a con- 
ation which we find to give more consistently reproducible and sensitive results 
than at lower partial levels of protection. The animals were killed after 15 days 
and cross-sections of the incisors prepared in the usual way and assessed for 
degree oi protection. 
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Our use of orange juice as a secondary or derived standard in place of lemon, 
juice used direct as primary standard may be criticised, but we believe it to have 
some advantages. Previous papers both from the Pharmaceutical Laboratory 
and this laboratoi*}^ have recorded that more constant and easity reproducible 
results were obtained with orange juice than with lemon juice, apart of course 
from the additional consideration that the animals take it better, and there is no 
need to introduce a decitration process when feedmg the larger doses which are 
needed at top levels in the tooth protection method. Confirmation has recentty 
been forthcoming in the report of Bemiett and Tarbert [1933] that lemon juice 
may indeed vary most erratically in potency, the vitamin C content as measured 
by titration in poorer specimens being little more than about half that of a 
“good” specimen, whereas orange juice . tended to be more constant with a 
value about equal to or very shglitly above that of a “good” lemon juice. It is 
obvious therefore that the result obtained in any vitamin C determination will 
depend on the interpretation attached to the standard “lemon juice,” whether 
this is taken to impty lemon juice of a “good”" quality, of “low,” or of “ average ” 
quality (if such can be defined). Key and Morgan have also referred to the 
apparent variation in potency of lemon juice. 

Results. 

T.he values found are given in Pig. 1 and for the third determination in 
Table I. When these are plotted it is seen that the readings for orange juice and 
ascorbic acid are equated when the scales for orange juice and ascorbic acid 
respectively are fixed at 3 cc. of the former against 2 mg, of the latter. This 
conforms with the earlier findings. It coincides, also, with the amount of 


Scale for orange juice, ec. 



Fig. 1. 

O ascorbic acid; x orange iuice. 
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Table I. 


Degree of protection afforded 


Amount of material fed per day 
Ascorbic acid, 1-5 mg. 

r 

2-5, 

Individual animals 
2, 2-5, 2,3, 


Mean 

2-5 

2 riig. 

4 , 

3, 3-5, 

3 , 

4 , 

3-5 

3*5 

2-0 mg. 

4 ,, 

4, 4 , 

4 , 

4 , 


4 

Orange juice, 2*25 cc*. 

2 , 

4, 2 , 

3 , 

2-0, 

— 

2-7 

3 cc. 

2-5, 

4, 4 , 

3 , 

3-5, 

4 

3 * iy 

3-75 cc. 

4 , 

4, 4 , 

3-5, 

3-5, 

__ 

3-8 


ascorbic acid in an average specimen of orange juice as found by titration in our 
experience (viz. 0*6 to 0*7 mg. per cc.). It represents a value *of about double 
Key and Morgan’s. 

Comments. 

In Key and Morgan’s determination, one level only of the lemon juice standard 
was fed in each experiment and that tvas administered at levels widely 
divergcnit from those of the ''unknown” (especially in Exps. 1 and 2). In order 
to bridge the gap recourse was had to a standard reference curve relating degree 
of protection in any experiment to the relative amount of vitamin which is 
needed to produce it. Although we feel that it is in fact a safer procedure to 
obtain several points on the curve for each determination, and to have one 
point, at least, for the unknowm always lying between two reasonably adjacent 
values for the standard (or vice versa), it nevertheless seems likely that the 
difference between our result and that of Key and Morgan is mainly attributable 
to another cause — viz. the relatively high rating given 'by them to their single 
lemon juice standards. There is quite good agreement between Key and Morgan’s 
values and our omi as to the actual degrees of protection afforded by the 
varying doses of ascorbic acid. Then results agree with ours in showing that 
2 mg. are about the minimum dose for giving approximately full tooth protection 
in a 15-(lay test. Turning now, however, to Key and Morgan’s readings for 
lemon juice, it would appear that the potency was assessed at double the value 
that might have been anticipated. Thus, 1*25 cc. of lemon juice gave the same 
protection as 2*30 cc. of the orange juice of the standard reference curve, and 
1*0 cc. of lemon juice as 2*21 cc. of orange juice; and their combined results 
[Fig. 2, Key and Morgan, 1933] would imply that full protection would be given 
by as little as 1*48 cc. of lemon juice. This may be compared wdtli the more 
usualty accepted finding that about 3*0 cc. {i.e, double the amount) of orange or 
lemon juice are in fact normally needed to give full protection. One explanation 
of the apparent divergence between their results and ours, then, would be that 
they were dealing with a lemon juice of exceptional^ high potency, or alter- 
natively that our orange juice was relatively low; or both. This is not necessarily 
the correct explanation however; indeed orange juice tends on the whole to be 
somewhat more potent and not less potent than lemon juice. It could be equally 
well argued that the great variation between the individual animals in Key and 
Morgan s small number of lemon juice groups could have given rise to an 
iilusively high average. Thus with 1*25 cc. of lemon juice the individual scores 
ranged from T5 to 4*0 and the average was put as 3*2 ; with 1*0 cc. of lemon juice 
they ranged from 0*o to 4*0, with average at 3*1. If there had been a variation 
ill 1 or 2 animals, within the actual ra^ge found in the group as a whole, it could 
easily have reduced the average score to the anticipated value. (In the case of 
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Table II. xAscorhic acid coiitent of lemon juice and orange juice. 



I. Lemon juice 

Ascorbic acid 

Corresponding 



content as 

calculated 



determined by 

activity of 



titration 

ascorbic acid 

D‘d,y 

Specimen number and description 

mg. per cc. 

units per mg. 

1st 

1 (small) 

0-515 

19-4' 


2 (large) 

0-407 

24-6 


3 (small) 

0-583 

17-2 


4 (very large) 

0-183 

53-2 


5 (medium large) 

0-380 

26-3 


6 (large) 

0-44 

22-7 


7 (large) 

0*41 

24-4 


8 

0-475 

2M 


9 

0-506 

19-8 


1st day, average of 9 specimens 

oaT 

23-3 

2iid 

10 

0-556 

18-0 


11 (small and withered) 

0-684 

14-6 


12 (large and fresh) 

0-354 

28-3 


13 (small and withered) 

0-6(31 

15-1 


14 (very small and withered) 

0-694 

14-4 


2iid day, average of 5 speciinens 

0-59 

17-0 

3rd 

15 

0-373 

26-8 


16 

0-381 

26-3 


17 

0-069 

15-0 


18 

0-339 

29-5 


19 

0-472 

21-2 


20 

0-342 

29-2 


3rd day, average of 6 specimens 

0-43 

23-3 


Three days, average of 20 specimens 0*47 

21-3 

4tii 

A composite specimen = mixed 
juice of 10 lemons 

0-47 . 

21-3 

Batcli 

II. Orange juices 



1 

i (South African) 

0-570 

17-5 


2 

0-570 

17-5 


3 (Brazilian) 

0-480 

20-8 


4 „ 

0-620 

16-1 

2 

0 (South African) 

0-806 

12-4 


G 

0-909 

Il-O 

3 

7 „ 

0-628 

15-9 


s „ 

0-833 

12-0 


9 (Brazilian) 

0-757 

13-2 


10 

0-585 

17-1 

4 

11 

0-586 

17-1 


12 

0-510 

19-6 

'5 

13 

0-533 

18-8 


14 

0-476 

21-0 


Average of 14 

0-63 

15-8 


Table III, Ascorbic add content of orange juice. 

As determined by titration 0*63 mg. per cc. 

As calculated from biological assay ... 0-66 „ 
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the first experiment, with 0-75 cc. of lemon juice and 0-3 mg. of ascorbic acid, 
there is difficulty in extracting a relationship, since the degree of protection was’ 
only very partial in both cases and the lemon juice was being fed at over 3 times 
the level of potency of the ascorbic acid, making comparison very insecure^.) 

In conelusioir we would allude again to the fact that our value coincides with 
the actual ascorbic acid content of average orange juice or good lemon juice, as 
determmed by chemical titration. The same con-elation holds equally for a 
number of other sources [Harris and Ray, 1933]. This seems a strong argument 
in its favour. Key and Morgan’s value of 7-4 units per mg. would indicate an 
ascorbic acid content of 1-35 mg. per cc. for lemon juice, a value which would 
appear difficult to reconcile -with the fact that in our experience the reducino' 
titre rarely rises above a value equivalent to about 0-7 mg. 

Titration results on a series of lemons and oranges purchased locally from 
retailers m October are given in Table II. The average ascorbic acid content of 
the leinon juice (based on determinations on 20 separate lemons, and on the 
mixed juice of a further 10) was appreciably lower than that of the orano-es 

J"ice, as against 

0-63 lor orange). It must be noted, however, that mdividual lemons show 
strffimg fluctuations in potency, the mean deviation from the average value of 
0-47 mg. per cc. being as great as +0-11. (It was observed that higher values 
were generally given by lemons which were small and shrunken in appearance, 
and lower va ues by large “juicy” ones— as though the juice became more 
concentrated by evaporation during the storage process.) The figure for the 
orange juice is m agreement with our biological determination of the relative 
acid and orange juice (Table III) although we have found 
that different varieties of orange juice may also vary considerably in potency. 
11 lemon juice oi the ‘average quahty represented by these specimens is taken 
as standard, the calculated antiscorbutic activity of ascorbic acid works out at 
the somewhat higher value of 21 units per mg., as against the value 16 units 
per mg. compared with a “good” lemon juice equal m potency to that of the 
orange juice used in our tests. 

specification has already been fixed as 
International Standard, a,nd m our opinion the antiscorbutic activity of lemon 
is equivalent to its ascorbic acid content as estimated by titration, the final step 
n tiansfemng the standard from lemon juice to ascorbic acid will have to involve 

“S' *» * 

SUMMABY, 

the tooth XB'otection method, using large numbers of guiiiea- 
f f orange juice always fed simiiltaneoiisly at 

rnnous identical levels of potency, show consistently that the activity is sueh 

equivalent to 3 cc. of orange juice, or the minimum 
ose for full tooth protection (under the conditions of the test) is 2 mg. 

to Tr® obtained by comparing the minimum doses needed 

I protection in a given large proportion of animals, rather than by comparinf' 

sour'rrf e^r t th 7 r ^ generally rather variable) degree of protection. Aether 

^“tiv afeX h 1 -“ change in the level at which the cross-section of the tooth is out 
»reatly afferts.the picture. The guinea-pig’s tooth is of persistent growth and the upper part 

hi^hboMh it'^iriT*^ experimental period, so that if the section be out 

•sediions ^ conclusions are formed from longitudinal 
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2. TMs value agrees with the amount of ascorbic acid actually present in 
average specimens of orange juice or m ''good’' lemon juice, as determined by 
titration ( 0 * 6 ~ 0*7 mg. per go.). 

3 . Lemon juice is subject to some variation in potency, so that the evalua- 
tion of ascorbic acid in terms of International Units will depend on the quality 
of the lemon juice used for comparison, hut taking the interpretation that the 
standard lemon juice means a "good" specimen, equivalent to the orange juice 
used ill our test and showing 0*6 to 0-7 mg. of ascorbic acid per cc. on titration, 
ascorbic acid has a potency of 15 International Units per mg. Against "average " 
lemon juice as purchased retail hi Cambridge, having an ascorbic acid content 
of 047 mg. per cc., the calculated activity for ascorbic acid works out rather 
higher, viz. 21 Iiiteriiatioiial Units per mg. 

4. The alternative value 74 units per mg. put forward by Key and Morgan 
would indicate an ascorbic acid content of 1-35 mg. per cc. for lemon juice, which 
seems difficult to reconcile with the fact that the reducing titre rarely rises above 
a value equivalent to about 0-7 mg. Possible reasons for the lack of agreement 
are discussed. 

5. Our earlier conclusion is confirmed, that lemon juice is an uiisatisfactor}^ 
standard and should be replaced by ascorbic acid. Different specimens of lemon 
juice had ascorbic acid contents varjdng from 0*19 to 0*69 mg. per cc., average 
047 with an average deviation of ±0*11. 
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III. THE ACTION OF ANTERIOR LOBE 
PITUITARY EXTRACTS ON THE OVARY. 
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II, RANA TEMPORARIA AS TEST ANIMAL. 

It is now generally believed that the nature and extent of the periodic chano-es 
occurring in the ovary are controlled by the anterior lobe of the pituitary. The 
study of this rektionship has been seriously handicapped, however, becaiise the 
gonad-stiinulatmg properties of extracts and other preparations can only be 
adequately studied in the hypophysectomised animal. Since it is practically 
impossible to remove the anterior lobe of the mammal alone or even carry out 
total hypophyseetomy with ease, progress is beset by serious obstacles. Tn a 
previous paper [BeUerby, 1933] it was pointed out that this difficulty can be 
overcome bjr making use of certain amphibia, and attention was di-awm to the 
suitability of the African Clawed Toad {Xenopus laevis) for use in the study 
of the ovary-pituitary relationship particularly when used for the assay of a 
gonad-stimulating substance. Before the practical possibilities olXenopus were 
ascertain^ experiments were carried out to determine the suitability of the 
common English frog (Rana temporaria) for the same purpose. 

As regards the removal of the pituitary Rana possesses the same main 
advantages as A. laevis [Hogben, 1923]. 

(a) It can be easily and rapidly hypophysectomised without iniury. 

6) One or both lobes of the pituitary can be removed with precision. 

(c) Completeness of removal can be checked by the characteristic colour 
response of the animal. 

The present investigation shows that Rana is much less satisfactory than 
Xenopus for use m the study of the gonad-stimulating properties of extracts. It 
can nevertheless be used with advantage to confirm conclusions derived from 

experiments on Xenopus and will be made use of in the present studies for that 

purpose. 

Expeeimental. 

spa-wmed in the spring the resultant atrophic ovary 
deveWd f throughout the year until it is practically fully 

wei increased about ten times in 

weight and consists almost exclusively of black ova. 
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At spawning time the ova are first liberated eii masse into the body cavity 
(ovulation sensu stricto ) . Then as a result of muscular movements of iinkiiowii 
origin they enter the oviducts which become enormously distended, leaving the 
ovary yellowish in colour and a mere vestige of its former size. The ova are 
finally expelled from the oviducts through the cloaca (oviposition) as a result of 
some stimulus the nature of which is at present unknomi. The process takes 
place ill three distinct stages, and some time may elapse between ovulation and 
oviposition. 

Ill the present series of investigations suspensions of anterior lobe tissue were 
employed. The sole reason for this is that experiments were carried out before 
tlie work on Xenopiis was undertaken. It was not until some progress had been 
made with the latter that it was found that extracts yielded consistent results. 

Suspensions were prepared as follows. The glands were dissected out within 
4 hours of the death of the animal and were ground to a fine paste with sand. The 
mass was agitated with twice its iveight of normal saline for about 10 miiiiites 
and ceiitrifugecL The fine suspension ivas then decanted off the sand and 
residual tissue and injected without delay. iVll injections were made into the 
dorsal lymph sac. 

The great advantage of X. laevis as a test animal is that eggs are ejected 
externally within 24 hours as a result of a single injection of an active preparation. 
This dispenses with the necessity of killing the animal. An attempt was therefore 
made to procure a similar reaction in Rana. T\vo series of experiments w-"ere 
carried out. 

Ill the first, frogs w^ere injected with a volume of suspension equivalent to 
2 g. of original tissue and w^ere killed 3 days later. Oviposition only occurred in 
2 cases, one frog ejecting three ova on the 2nd da}.', the other twm ova on the 
3rd da^x The result therefore wuis quite abnormal because in the normal frog 
several hundreds of ova are shed at one time. 

In Table I are given details of the ‘post mortem results. It was somewiiat 
surprising to find that although definite oviposition had not occiirred marked 

Table I* 



Injected 

Weights 

in g. 

Controls 

A 


r 

Weight of 

Weight of 

r 

Weight of 

Weight of 

Body weight 

ovary 

ovidncts 

Body -weight 

ovary 

oviducts 

51 '50 

0*850 

27*75 

37*75 

7*02 

8*50 

50*25 

0*605 

24*25 

36*25 

3*56 

12*00 

46*52* 

0*425 

14*02 

33*50 

5*55 

7*75 

44*75 

0*415 

14*72 

28*70 

3*57 

8*01 

42*62 

0*495 

17*95 

28*45 

i 4 

7*15 

41*00* 

0*552 

17*50 

28*25 

5*25 

5*75 

40*05 

0-650 

17*25 

28*02 

3*32 

7*76 

39-82* 

0-575 

13*25 

24*55 

4*52 

7*25 

39-61 

0-625 

13-27 

23*15 

3*25 

5*48 

39-25 

0-425 

14-02 

23*10 

3*09 

6*32 

38*87 

0-385 

15*05 

20*55 

2*57 

5*50 

34-35 

0-425 

9*61 

20*15 

3*74 

3*85 


* Oviposition occurred. 


changes had taken place in the injected animals. All exhibited the typical 
changes found during the immediate pre- spawning period ; that is to say tlie' ova 
had been released from the ovary and had passed into the oviducts, wdiilst in the 
controls the ovaries remained intact and the oviducts empty. 
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The second series of frogs was injected with a volume of extract equivalent 
to 1 g. of fresh tissue, the animals being Idlled 7 days later. The results confirmed 
those of the first series. Out of 16 frogs, only 3 shed their eggs into the water 
the total number not exceeding half a dozen. On post mortem, it was found that 
ovulation liad occurred, however, in 12 animals. 

Further experiments, though useless from the practical point of view, were 
carried out to see whether typical oviposition could be brought about by 
(a) rurther injections of anterior lobe substance, (6) subsequent injeetioii of the 
oxytocic principle of the posterior lobe of the pituitary, (c) by pkciiio- injected 
animals m contact rrith males. All these were without result. It thim became 
cJear that normal oviposition in Rana could not be taken to indicate activity of a' 
preparation. It would be necessary to kill animals to confirm the result of an 
experiment. As the macroscopic appearance alone of the ovaries and oviducts in 
mjected ammals was sufiSciently definite to indicate a positive result experiments 
were carried out to determine the earliest time that a reaction could be obtained, 
n lable II are shown the results of an experiment embracing 4 series of 8 frogs 
lulled at diherenfc times after injection. ^ 

Table II. 


Series 

A 

B 

G 

D 


Time idlled 
after 

p 

o 

i-ujeetion 

frogs 

hours 

ovulating 

24 

0 

36 

3 

48 

7 

72 

7 


Eemarks 


A few ova in body cavity. Ovary full 
Body cavity full of ova. Ovary vestigial 
Oviducts full. Several ova in body cavity. Ovary vestigial 

70 positive result can be obtained within 

hn *a.ken to be liberation of ova from the ovary into 

48 hourf oviducts the reaction time can be reduced to 

estiinations of the gonad-stimulating power of anterior lobe prepara- 
tions were carried out using this reaction. prepaia 

in 50 % of ammals with a volume of suspension 
iiesponchng to as little as 0-25 g. of original tissue. It was also found that 

1929]^vL^fec4iv?''*^ prepared by the writer’s method [Bellerby, 

®i ®‘''P®i’i’nents were carried out in the months of January and 
ffLm ►Subsequent investigation demonstrated a further disadvantage of 

dS'c. Sat «arfy April as it normally spamis 

aK +’+1 *1 ovulation can only be induced with a single injection from 

^ou le end of August to February. Experiments showed that durino- the rest 
of the year it. was necessary to administer a series of injections to iiroduce ovula 
tion the nurnber of which varied according to the time of the yemf lShi phase 

no fmSrr detefis'S^^^ communication] 

ammal two main points have emmjdfrmn''the pSfeTeitquhS''TStTyX^ 

cJnfpLateftL * «^^Iation and oviposition in Rana is more 

^ ^ It appears that some factor other than secretion 

of l^l^e anterior lobe of the pituitary is involved. In Jenopus the Xte pi ocess of 

opposition can be attributed to anterior lobe actimty Secondly 
Mnu h» „„e delict, advantage ava.- Eac.u«, th. oSary tamS 
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undeveloped for several months it can be used to determine the effect of an ex- 
tract ill producing development of ova as distinct from one which induces their 
liberation from the fully developed ovary during that time. In Xeno'pus the 
ovai;y remains fully mature throughout the year when the toad is kept iiiicler 
optimimi conditions. It cannot be used in consequence to cleiiioiistrate the 
former effect. 

SUMMAEY. 

1. Ovulation without oviposition can be induced by injection of saline 
suspensions of anterior lobe pituitary tissue in the common frog Rana temporarki. 

2. Oviposition only occurs in few injected animals and is never complete as 
ill the iioriiiai animal 

3. Ovulation induced hy single injections cannot be obtained during the 
whole year. 


IIL THE ACTION OF ANTERIOR LOBE PITUITARY 
EXTRACTS ON THE OVARY. 

In a previous paper [Bellerby, 1933] and the foregoing part of the present 
paper it was shown that Xenopus laevis and Rana temporaria have certain ad- 
vantages in work directed to extend knowledge of the chemical co-ordination 
between the ovary and the anterior lobe of the pituitary. In this pa, per are 
given details of the first of a series of observations made on the number and 
nature of the endocrine factors which are definitely concerned in the control of 
the ovarian cycle using X. laevis as the experimental animal. Before proceeding 
to the main issue discussed, it is necessary to refer to a matter which was not 
dealt with in the first paper of this series, namely the relation of external tem- 
perature to the ovulation process induced in Xenopus b3^ extracts. Foriiierlj^, 
all experiments had been carried out at room temperature, but it transpired 
later that the temperature could be raised ivith advantage to the experimental 
procedure. 

Relation of ovulation to external temperature. 

Temperature variation might influence ovulation in two waj^s. 

(a) It iniglit increase or decrease the time elapsing between injection and 
ovuiatioii. 

(5) It might render the animal more or less sensitive to the effect of the 
extract so that different amounts would be required to produce the same effect. 

Table I gives the results of a series of seven experiments regarding this point. 
Groups of 20 toads were divided into two batches of 10 each which were kept at 
different temperatures. The}" were injected with less than the qiiaiitit}?' of acid 
extract recfuired to produce ovulation in 100 % of the animals and received a 
threshold aiiioiint which under ordinary conditions, would produce a positive 
response in about 60 % of animals. Toads w"ere allowed to remain at their 
respective temperatures for four or five days before injection. As laborator}" 
facilities did not permit of each batch being kept at a stipulated temperature, the 
difference for the tw"o series was obtained b}^ keeping one batch in a cold under- 
ground room and the other in a room heated with an electric fire. Both series 
were kept on a white background and under similar conditions of illumination. 

It is clear that temperature has a marked influence in reducing the time 
taken for ovulation. In some hundreds of experiments wdiich have been carried 
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Table I. 


remperatiire 

^C. 


Temperature 

difference 

^C. 


Nuinl3er of toads ovula 


0-10 hrs. 


10-24 hrs. 

1 

4 


24-36 hrs. 


out at room temperature (14-18'=), ovulation under 12 lioin-s onlv occurred once 

tdie average tame of occurrence being 18 hours. 

_ In the animals kept at the high temperature (23-31°) ovulation took place 
in the maprity of cases within 10 hours and in no ease was it delayecl bewnd 

J time was reduced to about 9 hours, all ova in" some cases 

being slied v ithin i hours of injection. 

^ Ihe results are summarised in Table II. It will be noted that a hieh tempera- 
ture has no recognisable etteet on the sensitivity of the response, practicallv the 
same number of toads ovulating at both temperatures. Ten^pei-ature et 
tlSrir^ST “ f'^termMiig activity of extracts. At tlie same time 

Table II. 


Temperature 

"" C. 

23-5-31‘o 

14-0-18-5 


No. of 
toads 
injected 

70 

70 


No. ovulating 

( — _____ ;;;; 

0-10 hrs. 10-24 hrs. 24-3(5 hrs. 

36 9 0 

0 21 22 


36-48 hrs 


maiicni of percentage response to amount of active s ubstance injected. 

showed how it was possible to ensure a 100 % response 
With a sufecient dosage. In perfecting any method of assay based on ti e 
pimciple of the immmum dose, it is of the utmost importane; to explore the 
lange of dosage between quantities just .sufficient to give a 100 result and 
just too little to give any response at all. This point has been fu v inv^t t ated 

series. prepared as described in Part I of this 

miunTofe anSe lefst rm 4 times the absolute mini- 

- aosc and the least quantity required to evoke a 100 % response is 4 timco riio 

dosage required to produce any result at all. The reader mC jTirthe 
themsdvesriifref^^^^^^^^ satisfactory consistency in the way the points arrange 

tothereliabilityheaehestSerS^ 


Qsiiocisai % 
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liood of a 70 % response, an estimate based on 4 series of 10 toads is seen from 
tile data in Table III to be subject to a maximum variation of 5 % when the 
whole is considered as a group of 40 animals. Each of the points in the graphs in 
Figs. 1 and 2 is based on 40 toads. 



Fig. 1. Fig. 2. o == Acid extract. ® = Alkaline extract. 


No.' of batch 

A 

B 

C 

D 


Table III. 

Percentage response 


No. injected 

No. ovulating 

10 toads 

20 toads 

'1 

40 toads 

10 

3 

30) 



10 

10 

100 ) 

by) 

70 

10 

s 

80 


10 

7 

70 f 

jy ; 



Tim action of allcalme extracts of anterior lobe. 


The chief point which must be considered in any explanation of the meclianism 
by which the anterior lobe of the pituitary controls ovarian periodicity is whether 
one or more hormones are concerned. Evans and Long [1921] sliowed that 
injection of mature female rats with saline suspensions or extracts prepared with 
NaOH was followed by cessation of the oestrons c^^cle as a result of intensive 
liiteinisatioii of the ovary. In the immature rat no effect w^as produced. Later 
Smith and Engle [1927] and Zondek and Ascheim [1927] found that injection of 
suspensions of anterior lobe tissue in the immature rat was followed intensive 
follicular development, rupture of follicles and precocious oestrus. In the mature 
rat siiperoviiiation and siiperfoetation could be obtained [Engle, 1927]. At first 
the problem seemed a simple one. Basing his views mainly on the fact that, 
injection of NaOH extracts in any dilution was ineffective in causing follicular 
growth and oestrus in the immature rat the writer suggested that two distinct 
substances were involved [Beilerby, 1928]. One was stable to alkali and on 
injection caused development of luteal cells ; the other was stable to acid and 
induced growth and rupture of foUieiiles. A similar view w^as expressed later by 
Evans and Simpson [1928] and Wiesner and Cre^v [1930]. However, further 
V'Ork [Beilerby, 1929] showed this view to be unsound. Making use of the 
rabbit, an animal in wiiicli no periodic changes take place in the ovary, it was 
found that injection of acid extracts of anterior lobe was followed by iiiteiiiisation 
as well as follicular growth and rupture. In fact, the injection of any anterior 
lobe preparation resulted in both liiteinisatioii and follicular growth occurring 
collaterally to a corresponding extent. 

Recently Fervold et al. [1931] and Claus [1931] claimed to have actually sepa- 
rated two substances from anterior lobe tissue with the specific physiological 
actions stated above. Subsequently, how^ever, Van Dyke and Wallen-Lawrence 
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[1933] could not obtain evidence for the separation of the active substance into 
two fractions with solety follicle-stimulating or luteiiiising actions. Apart- from 
this work no further reference is made to the numerous ]3apers published on the 
'diorinoiies of the anterior lobe of pituitary.’’ The justification for this reticence 
is that ill the majority of cases work on the existence of two or more substances 
in the anterior lobe transpires on further reading to be based on experiments in 
wliieh no anterior lobe substance was employed. The large bulk of literature 
ostensibly dealing with the biochemical aspects of the anterior lobe is actually 
devoted to a detailed stud^^ of a certain novel but irrelevant attribute of the 
kidiie^.^ At the present time, therefore, no definite evidence is available to demon- 
strate the existence of two hormones directly influencing the ovary in the anterior 
lobe of the pituitary itself. 

As stated in a previous paper, preliminary experiments showed that all^aliiie 
extracts were apparently just as effective as acid extracts in producing ovulation 
ill Xenop'US. 

Extracts were prepared from ox pituitaries as follows. 

The anterior lobes were dissected out within 4 hours of the death of the animal, iveiglied and 
ground to a fine paste with sand. The mixture was then extracted with 1| times its weight of 
iV/10 NaOH for 24 hours at a temperature of 0°. * 

^ After first allowing the solid mass to thaw out it was carefully neutralised with 50 % acetic 
acid, phenol red being used as indicator. The mixture was then centrifuged and the red turbid 
extract decanted ofi. Injections were made vdthout any delay into the dorsal lymph sac, strict 
attention being given to the points raised in the first paper. 

Ill Fig. 2 is sliomi a curve plotted from experiments in which injection of 
alkaline extracts was carried out under the same conditions governing the 
results obtained with the acid extracts. Points obtained from the latter series 
are also included for purposes of comparison. Emphasis must be laid on the fact 
that ten out of twelve points on the alkaline curve were derived from experiiiieiits 
111 winch the tissue-equivalent dose given was the same as in the acid 'series. It 
willbe^seeii that there is close similarity in the configuration of the two curves. 
Ao difference therefore is apparent in the effect of alkahne and acid extracts 
in producing ovulation in Xenopus, 

COXOLIJSIOXS. 

The work which has been done in the past seems to show that the ovary- 
pitvutary relationship is common to all the land vertebrates, a fact which need 
evoke no surjOTse when we consider the widespread distribution of substances 
such as adrenaline (Cannon), secretin (Bayliss and Starling) and of the oxytocic 
and melanophore principles of the pituitary (Hogben and de Beer). In mn.iYima.la 
the relationship is complicated by the highly complex specialisation of the 
tolhcle before and after ovulation. In amphibia this specialisation is lacking, 
hor this reason the effect of pituitary extracts upon Xempus is a valuable source 
ot supplementary evidence when interpreting the data derived from the study 
of mammals alone. In the latter the dual action of anterior lobe extracts which 
evoke follicular powth and oimlation on the one hand and luteinisation on the 
oiiei might be interpreted in two ways. One is that there are two substances 
respectively extracted more readily in acid or alkahne media. The other is that 
one and the same substance stimulates two processes which may be antagonistic, 
dhe assumption iniphed in the last remark would explain why on some oc- 
casions extracts have been found to evoke the first type of response and on 
Other occasions the second. 
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A point of pivotal importance in the discussion is that both these processes, 
namely follicular development and ovulation on the one hand, and liiteinisation 
on the other, affect different stages in the development of cells derived from the 
same primordial elements of the gonad. The action of extracts upon the ovary in 
Xenofiis involves the response of cells derived from primordial elements with 
developmental potentialities of a simple order. 

At this stage, although the data derived from the study of Xenopus do not 
permit us to make a confident decision m favour of either one or the other of the 
two hypotheses stated above ^ thej?’ do permit us to narrow the issues involved in 
the assumption of two separate substances. That in some experiments on mam- 
mals alkaline extracts have given luteinisation alone whilst other extracts have 
only evoked follicular development might he explained hj those who invoke 
two separate substances in either of two wa^^s. The first is that a luteiiiising 
substance which is more readily extracted in allcaline medium completely 
neutralises the action of another substance extracted both b 3 ^ all^aiiiie and acid 
media, thus preventing the latter substance from evoking follicular development. 
The second is that such a luteiiiising substance does not directly neutralise the 
alternate component of an alkaline extract but stimulates the formation of cells 
with an antagonistic action so that the seat of the inhibition ultimately rests in 
the ovar}’' itself. 

In other words, the process of luteinisation ma>j inhibit the response of 
immature follicles to the action of the follicular component. The fact that acid 
and allcaline extracts are equally effective in acting upon ovarian cells which 
cannot undergo a luteiiiising process definite^ disjioses of the first aiternative. 
Thus we have now to decide in fiivour of the second alternative or of the hi^po- 
thesis that oiil}^ one substance is involved in the response of the OYeny to anterior 
pituitary extracts. The latter is the more economical h\q 30 thesis and there are 
at present no conclusive objections to it. An undertying assumption in the 
previous remarks is that alkaline extracts which have been found some 
workers to induce conspicuous luteinisation also contain the substance which 
promotes cell division of the primordial ovarian cells, culminating in the dis- 
charge of the ovum. If we prefer to accept the dual tyqDothesis this assumption 
is not only justified by the experiments on Xenopus. It is also implicit in the 
testimony derived from iiiammaliaii studies since the presence of numerous 
corpora lutea presumably invoh^es the previous development of follicles. 

Ill coiicliisioii it will not be out of place to point out the relation of the 
present work on X. laevis and R. temporaria to similar studies on amphibia. 
The results obtained are entirety in accord with investigations on the induction 
of ovulation by means of pituitary transplants [Wolfe, 1929 ; Morgan and Sond- 
lieiin, 1932; Noble and Richards, 1930; 1932]. They also confirm the work of 
Kehl [1930], Adams [1931] and Biij^se and Burns [1931] who have induced 
ovulation b^mneaiis of injection of extracts of mammalian pituitary substance. 
Thus no support is given to the contention that ovulation can onl.}^ be induced 
in amphibia by homeo- transplants or extracts of glands from amphibia them- 
selves [HoussajT- etal., 1929]. The above investigations coupled with those carried 
out on mammalia clearly show that an ovary-stimulating substance in anterior 
lobe tissue has a wide distribution throughout the whole vertebrate series. 

Summary. 

1. Alkaline extracts of anterior lobe pituitarj^ injected in equivalent dosage 
throughout the whole range of effective concentration are as effective as acid 
extracts in producing ovulation in Xenopus laevis. 
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2. By keeping toads at a high temperature (23-31°) the time elapsino- be- 
tween injection and ovulation can be reduced from an average of 18 to 9 hours 
thereby increasing the value of the animal for test purposes. 

3. Temperature variation was not found to have any perceptible effect on 
the .sensitivitj?^ of the response of o\Tilation to injection of extract. 

The cost of animals and glands was borne by a Grant made to the Department 

by tlie Medical Researcli Council. 

IT carried out during the tenure of a personal grant made by the 

Conti'ol Comniittee, to wlioni my best tliaiiks are due. 
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CCLXXVL THE LIPOIDS OF SPLEEN AND LIVER 
IN VARIOUS TYPES OF LIPOIDOSIS^. 



By harry SOBOTKA, DAVID GLICK, MIRIAM REIHER 
AE-D LESTER 

F-wm the Laboratories of The ILount Sinai Hospital, Neiv York, 
(Eeceived November 4th, 1933.) 

The stiicRr of lipoid distribution in derangements of lipoid metabolism may be 
expected to throw new light on the i3liysiology of lipoid formation, transport and 
storage, jiist as the knowledge of carbohydrate iiietabolisiii is based to a great 
extent on the study of diabetes. At least three pathological entities of generalised 
'Mipoid storage'’ disease or lipoidoses have been distinguished from clinical and 
pathological eTideiice and confirmed by chemical investigations: (1) Gaucher's 
splenomegaly, characterised by large deposits of the cerebrosicle kerasiii in 
spleen uriid liver; (2) Niemami-Mck's disease, in which the phosphatide and 
cholesterol contents of the viscera, the bone-marrow and the brain are increased 
at tlie expense of neutral fat; (3) Schuler-Christiaii's disease with replacement of 
bone tissii(‘ 1')y cholesterol deposits. The outstanding chemical characteristics of 
these diseases have been described in case reports in the riiedical literature. 
However, since the methods used and the condition in which the organs are 
obtained from tlie posf: mortem room leave much to be desired from the point of 
iiiiiformitA^, w'e took advantage of the siimiltaneoiis availability' of fresh, organs 
from several cases of these relatively rare conditions and studied the lipoid 
distribution in spleen and liver of three cases of Gaucher's disease, two cases of 
Niemami-Pick's disease, and three control cases. As the methods of extraction 
have been discussed in another connection [Sobotka et al., 1930; 1932] they will 
be only briefl,y described in the experimental part. 

The synopsis in Table I shows that three cases of Gaucher's disease give 
concordant resiilt^s, namely, shifts from the phosphatide fraction to the iieutrai 
fat fraction, and possibly an increase of cholesterol in comparison with the control 
analyses. The main eiiaracteristic consists in the increase of the balance in the 
acetoiie-iiisoliible lipoid mixture after allowance is made for cholesterol and 
phosphatides. This increase is due to the presence of considerable amounts of the 
pathological cerebroside kerasiii [Lieb, 1924]. The cerebroside was isolated 
following Euseiilieim's procedure [1914; 1916]. Spiieroliths of kerasin, com- 
pletely free from plireiiosiii, were identified by Rosenheim's test with the selenite 
plate under the polarising microscope and 5 g. pure kerasin were prepared from 
52 g. of pooled acetone-insoluble material of siileen and liver (cases C and T). 

The analysis of case H of Memaiin-Pick’s disease revealed remarkable 
increases of phosphatides and cholesterol esters over normal and. the almost 
complete absence of neutral fat. The latter finding was duplicated in another 
case of Memaiin-Pick’s disease the analysis of w^hich w^e owe to Dr J. Kahn, wiio 
will coiiimiiiiicate his findings in detail elsewEere [1933]. A new feature in this 

Read before the Section of Medicinal Chemistry at the Semiaminal Meeting of theAmer. Cliein. 
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Table I. Synopsis of lipoid analyses. 

Percentages of total lipoids 



W eight 

Lipoids 

Tot. lip. 

Case 

moist ff. 


Tot. sol. 

Spleens 

Gaudier T 

2615 

280 

50-6 

Gaudier G 

2100 

132 

31-7 

Gaucher B 

305 

194 

30*5 

Gaiicher average 

— 

— 

— 

Nieiiiann-Pickll 

180 

14*7 

45*8 

Nieniii nn-]‘iek (Kahn) 

205 

25'9 

58*5 

Centnils (3) 

““ 

■— 

13-6 

Livers 

Gaudier T 

3400 

252 

324 

Gaudier C 

4100 

304 

34-3 

GauciiOr B 

405 

45-6 

46-6 

Gauchifi* avera,ge 
Xioinanii-Pick H 

— 

— 

— 

500 

60-5 

33-4 

Kiel uumi-Pick ( Kahn) 

180 

20-6 

41-7 

Controls (2) 

— 

— 

23-3 

Brains 

Gaucher B 

805 

504 

3S-4 

Kiernami-Pick H 

630 

48-8 

45-6 


Chol.- 

ester 

Pliospha- 

tides 

Neutral 

fat-fE.A. 

Balance 

(Cerebr.) 

Freechol. ^ 

Tot. cliol. acids 

0-5 

7-5 

17-7 

33-5 

33*6 

264 

36*6 

26*1 

97 

60 

44*8 

51*6 

10-6 

21-9 

35*6 

27*9 

39 

54*2 

6-2 

24-3 

31*9 

30-2 


50*9 

6-9 

62-6 

1-2 

19*7 

70 

47*9 

11*7 

1*5 

21-8 

41-5 

2-3 

25*9 

38-4 

21*0 

80 

91 

22-5 

54*7 

11-5 

26*6 

22*7 

31*7 

67 

45*5 

11-5 

15-5 

33*1 

30*3 

58 

47*6 

64 

314. 

27*1 

25*7 

72 

50*7 

9-9 

24-4 

27*6 

29*2 


47 "9 

11-3 

67-9 

0-3 

15*6 

47 

46*1 

6-9 

28-5 

7-S 

36-4 

84 

30-5 

2-3 

39-1 

24*3 

29*4 

79 

51*7 

42-6 

23-8 

17-3 

7*7 

2o 

51*8 

25*5 

53-5 

0-0 

17*6 

18 

48*7 


Free 

chol. 


11*6 

6-5 

4-0 

•7*4 

9-6 

25-S 

10-1 


7- 5 
9-6 
9*7 

8- 9 
4*9 

20-4 

4-9 


8-6 

3-4 


case was the great increase in cholesterol. One portion of the acetone extract 
consisted practically of pme cholesterol which crystallised in large characteristic 
colourless platelets from the pigmented fluid. Cholesterol ester was almost absent. 
Parallel mth this increase and with the decrease in the amount of neutral fat, is 
the reduction in the quantity of phosphaticles, especially pronounced in the 
spleen. The iiiciease in the balance of the acetone -uisoluble fraction {^yiintcs 
cholesterol and phosphatides) is at least partly due to the presence of kerasin of 
which TS g. could be crystallised and identified; the presence of phrenosin W'as 
definitely excluded. Products of partial hydrolysis of phosphatides as phospha- 
tidic acids [Chibnall and Channon, 1927] and of cerebrosides such as psvchosin 
[Thudichum, 1884] and aoyl-sphingosuies might contribute to this fraction. 

The common fatty acids, stearic, palmitic and oleic acids, are presumably 
clistAbuted between cholesterol ester, neutral fat and inonoaminophosphatides 
(lecithins and kephalins), while the higher acids, especially lignocerio acid, are 
found in diaminophosphatides (sphingomyelin) and in cerebrosides. Thus w^e 
may estimate the amount of the ordinary fatty acids from the percentages con- 
tamed in cholesterol ester (4.3-3 % oleic acid), phosphatides {70-3 % for stearo- 
oleolecithin)^ and triglycerides (95-6 % for stearopalmito-oleoglyeeride). Anv 
free fatty acid, originally present or formed by decomposition, would be included 
m the figure for neutral fat according to the procedure of extraction As will be 
seen from the last column of Table I, the total amount of fatty acid varies around 
oO /o for all cases mvestigated with the exception of Kahn’s case. 

The lipoids of animal tissues are intimately interlocked with each other 
through the presence of common groups as exempMed in the foUowdng scheme, 
ihe mterconversion of lipoids can thus be interpreted as “exchange esterification ’ ’ 
the h3^drolji;ie and synthetic activity of esterases [Sobotka, 
1930]. In the hpoid disorders under investigation, the enzymic regulation of 
these equihbria seems to be distobed. Substances, useful under normal con- 
ditions as transport forms, are not further metaboHsed, but are apt to clog the 
organs, especially those of the reticuloendothelial system. This is the case in 
bauohers disease with kerasin, while in Niemann-Pick’s disease (case H), 
lecithin and cholesterol ester accumulate at the expense of neutral fat as indi- 
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Cholesterol ester 
ISTeutral fat 
Lecitliin 
Sphingomyelin 
Kerasin 

catecl ill the sclieme above by the arrows. This process 'went even further in 
Kahn’s case with subsequent depletion of the common fatty acids. 

Liver esterase. study of the esterase in the hver specimens stroiigty supports 
the assumption of eiiz^nnic deficiency. The esterase contents of twelve Hvers 
were determined by the saponification of method butyrate. Four livers from 
cases of Gaucher’s disease and one hver from a case of Schuler-Cliristiaii’s 
disease contained diminished amounts of esterase when compared with three 
normal livers (accidental violent death). Liver esterase was also diminished in 
a case of fatty degeneration (alcohohsm) and in an atrophied specimen, and it 
was almost absent in tuberculosis. The hver of Kahn’s case of Kiemaiiii-Piok 
seemed to contain no esterase at all while the hver of our case H was not in- 
cluded, as this enzymic study was begun in the later course of the work. 


t f 


o 


^ 3 


§ 

o 


' ■ i 

Y Y 


Cholesterol 

Cholesterol ) 

I'atty acid j" 

-Fatty acid ] 

Glycerol -r 2 mol. fatty acid ) 

Glycerol 4 - 2 mol. fatty acid ] 
Phosphoric acid -i- cholhie J 

Phosphoric acid + choline ) 
Sphingosiiie + ligiioceric acid j 

Sphingosiiie + lignoceric acid ) 
Galactose I 


Experimental. 


The fresh organs were chopped and extracted with cold acetone and subse- 
quently in a Soxlilet apparatus vuth hot acetone, ether and finally with alcohol. 
White matter precipitated from the hot acetone extract upon cooling. Ether 
and alcohol extracts from the same organ were combined for analysis. All 
fractions were analysed for total and free cholesterol, phosphorus and KJeldahi 
nitrogen. The results for the cold acetone extract and for the snpernataiit of the 
hot acetone extract were combined. Allowance was made for the fatty acid 
bound with cholesterol, and the balance — after deduction of the weights of 
cholesterol, cholesterol esters and phosphatides calculated as lecithin — ^was 
assumed to consist of neutral fat and free fatty acid. The analytical results for 
the white matter from the hot acetone extract were added to those for the ether 
‘plus alcohol extract. The amounts not accounted for as cholesterol or phospha- 
tides comprise the cerebrosides and other less soluble phosphorus-free lipoids. 
From these fractions kerasin was isolated, if present, according to Ejoseiilieim’s 
procedure. The white matter was extracted with tetralin [Page, 1930]; the 
tetralin extract was poured into excess acetone, and the precipitate was extracted 
with light petroleum, leaving ail phosphatides behind. The material soluble 
ill Hght petroleum was recrystalhsed from a mixture of equal volumes of 
chloroform and alcohol and from 90 % acetone. The white substance obtained 
had [oc]2)= —9-2°; it coiitauied 1*96 % K (calculated for kerasin, 1*73) and yuelded 
on hydrolysis 23-0 % (calculated, 22*2) sugar Bertrand’s method, calculated 
for galactose. It contained less than 0*05 % phosphorus and crystallised from 
P3nidiiie in spheroliths which proved to be pure kerasin in the selenite plate test. 

The measure of esterase is the esterase unit (e.xj.), equal to that amount of 
enzyme which hydrolyses 0*2 g. of methyl butyrate in 20 cc. of a buffer solution 
to an extent of 25 % in 60 minutes at 30^. 8 cc. of a iIf/3 buffer mixture of 
(KH|^)2lIPO^ and KH3 in the proportion 9*5 to 0*5 were used for 20 cc. reaction 
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mixture making the initial pj^ 8-2. The amount of hydrolysis was determined 

titration with JV/5 NaOH with thjmiolphthaleiii as indicator. 

One part chopped fresh liver was allowed to stand for 7--14 days with 3 parts 
glycerol. The strained glycerol extract was used in a dilution equivalent to 100 mg. 
fresh liver or 25 mg. dry liver tissue for 20 cc. of reaction mixture. The enzymic 
strength of a material was defined by Willstatter and Memmen [1924] by its 
esterase value (e.v.) which equals the amount of e.ij. in 10 mg. Thusf the 
amount of E.n. calculated in the above tests from the amount of but^nric acid 
liberated, multiplied by 10 / 25 , gives the E.v. of a specimen. Aqueous 
ammoniacal extracts of acetone-diied liver tissue are always weaker than the 
glycerol extracts from fresh liver. 

The E.v. of three normal livers were 1*76 (0*54 for acetone-dried sample), 
1*60 and 1*42, those of the Gaucher cases 0*69 (T), 0-27 (C), 0-23 (B), and 
0-80 (Bayonne; acetone-dried sample, 0 - 16 ). In the last case, Gaucher’s disease 
was an incidental posi^ mortem finding in an accidental death. The liver from a 
child with Schiiler-Ciiristian’s disease had an e.v. of 0-27, that from a case of 
Memann-Pick’s disease (Brooklyn) of which only an acetone-dried specimen was 
available, had no activity whatsoever. Other diseased livers, examined for 
comparison, included fatty degeneration with e.v. 0-57, a liver atrophy with 
E.v. 0-55, and a tuberculous liver with the low e.v. of 0*13. 

Summary. 

The lipoids of liver and spleen in three oases of Gaucher’s disease were 
analysed and compared with the findings in two cases of Niemann-Piok’s disease 
and With normals. The classification of these diseases according to the chemical 
nature of the lipoids deposited is criticised. The various shifts in hpoid distribu- 
tion are explained by deficiency of lipolytic enzymes. Deficiency of liver esterase 
IS demonstrated experimentally in these and similar cases. 

Our thanks are due to Dr W. Antopol, Bayonne Hospital, Bayonne, New 
Jersey, for a liver of Gaucher’s disease, Drs M. A. Goldzieher and J. Kahn, Beth 
Moses Hospital, Brooklyn, N.Y., for the liver of Memann-Pick’s disease and for 
the commumcation of their analytical results, to the Chief Medical Examiner of 

City of New York, Dr Charles V. Norris, for three normal livers, and to 

oV*', of the Presbyterian Hospital, N.Y.C., for the liver of 

bcliuler-Cliristiaii’s disease. 
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The oral adiniiiistratioii of galactose to man results not only in the finding of 
galactose in the blood-stream but of an increased concentration of glucose 
(estimated as fermentable sugar) [Harding and Van Nostrand, 1929-30; Roe 
and Schwartzmami, 1932; Harding and Grant, 1932-33]. The increases in 
blood-glucose are variable in amount but can usually be found in arterial blood, 
if a sufficient number of samples be taken. In the fasting rabbit and the rat 
neither Corley [1927] nor Cori and Cori [1928] had found such increases, though 
Blanco [1928] reported them in the weU-fed rabbit. The conditions and methods 
of these last three observations make them non- comparable with the findings 
on man. A previous meal of carbohydrate or fat, however, a^^pears to cause no 
difference in the human results. 

The oral administration of fructose in man is also presumably accompanied 
by increases in blood-glucose. Isaac [1920] first emphasised this possibility, 
pointing out that the increases in total blood-sugar durmg fructose tolerance 
tests by no means represent the amount of chculating ketose. Direct determina- 
tion of blood-fructose, by modifications of the Selivanoff reaction [Foliii and 
Berglund, 1922] or by the Van Creveld reaction [Kronenberger and Radt, 1927; 
Radt, 1928] show that the amount of circulating fructose, after fructose ingestion, 
in normal man is very small, and that such amounts do not account for the 
observed increases in total blood-sugar. In the rabbit Corley [1929] observed the 
same discrepancy. 

Are the increases in blood-glucose following the administration of galactose 
and fructose to man evidence of a general stimulation or irritation of a glucose- 
producing mechanism, due to the presence in the blood-stream and tissues of a 
large amount of a foreign sugar ? Or do they represent the conversion of the 
entering sugar into glucose, either directly or through some intermediate? 
Harding and Grant [1932-33] concluded that blood-sugar studies after galactose 
administration gave evidence too limited and uncertain in character. To some 
extent the former view may be true, for Fishberg [1930] found the intravenous 
injection of galactose or xylose into the rabbit to produce a sharp increase in 
blood-fermentable sugar, though Corley’s results with i!-arabuiose and d-xylose 
are less clear [1926; 1928]. Orally administered, neither pentose produces an 
increase in blood-glucose in the rabbit [Corley, 1926; 1928]. 

As both the amount of foreign sugar entering the blood-stream and its nature 
are likely to influence the result we have examined the blood-sugars in man after 
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the oral administration of varying doses of fructose, mannose and xylose. The 
use oi Proteus vulgaris [Harding and Nicholson, 1933] forms an exact method for 
the separation of glucose from fructose or maimose. Glucose and xylose can be 
separated by the same method or by the action of baker’s yeast. The methods 
allow of the use of a small amoimt of cutaneous blood and thus of the collection 
of a reasonable number of blood specimens. Whilst fructose tolerance tests in 
man have been frequently reported there are no records of the use of mannose and 
no blood-sugar observations after the oral administration of xylose to man. We 
have compared the results with those observed after 40 g. and 80 g. galactose by 
Harding and Grant [1932-33]. 


Analytical methods. 

Separation of glucose from fructose or mamiose in cutaneous blood. 

0-5 CO. finger blood is laked in 8-5 cc. water in a centrifuge-tube, 0-5 cc. 10 % 
sodium tungstate and 0-5 cc. 0-66 N H2SO4 are successively added from ac- 
curate micro-burettes, the mixture weU stirred, allowed to stand 10 mins, and 
centrifuged. The centrifugate is decanted and by means of a knife blade 
sufficient solid Na2HP04 is added to adjust the pjj to 6-7-7 -2. 3 cc. centrifugate 
are added to 0-25 g. wet-weight Proteus vulgaris [Harding and Nicholson, 1933] 
contained in a flat, high-efficiency tube belonging to the Liindgren high angle 
centrifuge and incubated with agitation for 30 mins, at 38°. The bacillus is 
separated m the centrifuge and the supernatant fluid decanted. The residual 
reducmg substances are determined in 1 cc. of this fluid by mixing with 1 cc of 
the sensitive copper reagent [Harding and Downs, 1933], heating for 10 mins, in 
a rapidly boiling water-bath, adding 1 ee. 1 % KI solution and 1 cc. A^HoSO., 
ailowmg to stand with occasional agitation for 3 mins, and titrating the excess 
lotoe with 0-0025W thiosulphate. At the same time, the total sugar is deter- 
nmed in 1 cc. of the original Folin-Wu centrifugate. The difference represents 
glucose. The value lor the residual reducing substances in the fasting specimen 
01 blood is^ subtracted from the values obtained after fructose or mannose 
admimstration. This gives the fructose or mannose value in cc. 0-0025 N thio- 
sulphate. 

The method follows that used by Harding and Grant [1932-33] for the 
lactionation of glucose, galactose and residual reducing substances. It was 
shown that the residual reducing substances after removal of glucose and 
ga,lactose m a Folin-Wu blood-filtrate remained very constant dur ing galactose 
tolerance tests. The constancy of this non-sugar fraction has been assumed in 
the present work. As control, we have occasionally determined the total glucose- 
iructose fraction by usmg Monilia krusei to remove both sugars. The total as 
deterimned in this maimer agrees satisfactorUy with that obtained by the method 
just detailed. Added fructose is satisfactorily determined. It is absolutely 
essential to TOntrol thep^ of the Folin-Wu filtrate by the addition of NaoHPO.. 
I he 2}^ of a Pohn-Wu filtrate prepared with the usual larger quantities of venous 
blood is very constant and about 6-8. In these filtrates we never experienced any 

dilficultymseparating glucose fromfructose or mannose. ThepH of corresponding 

centrifugates from the small amounts of capillary blood is quite variable, some“ 
t™s? coi^timis*^^'^ ^ i^ot completely remove glucose under 
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Separation of glucose a/nd xylose in cutaneous blood. 

The procedure detailed above can be used if desired, but owing to the 
difficulties connected with the use and lack of keeping qualities of Froteus, it is 
more convenient to, use 0-1 g. wet-weiglit washed baker’s yeast. This removes 
g,lucose quantitatively from the x^dose. 

The determination can also be made by allowing the yeast action on whole 
blood to precede the precipitation of proteins by the Herbert and Bourne 
tecliiiiqiie. In one centrifuge-tube is placed 0*25 g. washed baker’s 3?'east. To this 
and to a second centrifuge-tube are added 2-5 cc. of a solution containing 3 % 
sodium sulphate and 0*6 % sodium tungstate. 0-3 cc. of blood is placed in each 
tube and the contents well mixed. The yeast-containing tube is now incubated 
for 8 mins, at 38^ and then to each is added 0*2 cc. 0-5 H2SO4. The contents 
of both tubes are very thoroughly stirred, centrifuged aiici decanted, and the 
reducing value is determined on 1 cc. samples from each tube. The value of 
the yeast -containing tube represents xylose when a small correction (about 
3 mg./ 100 cc.) is applied for non-sugar reducing material. The difference between 
the values of the two tubes is glucose. 

Examination of urme for f ructose or mannose. 

The urine is diluted to an appropriate deg.ree, usually 5 or 10 times, if 
negative to Benedict’s reagent. The diluted urine is treated with H2SO4 and 
Lloyd’s reagent [Harding and Selby, 1931]. The pjj of the filtrate is corrected to 
7-0 b}^ the addition of solid Na3P04. 15 cc. of the above neutral filtrate are 
poured onto 0*75 g. wet-weight washed P. vulgaris and incubated for 30 mins, at 
38° with stirring, 0*3 g. NaH2P04 is added and the mixture centrifuged in the 
high angle centrifuge. 0-6 g. light calcined MgO is added to the centrifugate which 
is then shaken for 15 mins. The mixture is filtered and the filtrate adjusted to 
Pu 7*0 by a few drops of 1 : 2 H2SO4 from a very thin glass rod. The reducing 
power is determined on 1 cc. (as in the previous blood-filtrates) and represents 
the fructose or mannose phis the usual non-fermentable ‘‘sugar”. 3 cc. of the 
filtrate from the above MgO treatment are poured onto 0*5 g. wet-weight 
31, hrusei [Harding and Nicholson, 1933] in a centrifuge -tube, incubated for 
30 mins, at 38° with stirring, centrifuged and the reducing powder determined 
on 1 cc. of the centrifugate. The difference between this and the previous 
determination represents fructose or maimose. If only small amounts of known 
fructose or mannose are present baker’s yeast can be substituted for M, hrusei. 

Determination of xylose in urine. 

No specific method is available for xylose determination. Corley [1926] lias 
used extra non-fermentable sugar after xylose administration as an index of 
excretion. McCaiice and Madders [1930] have estimated xylose in urine as extra 
pentose, or furfuraldeliyde-yielding material. After xylose administration to 
man, the amount appearhig in the urine is usually sufficient to give a positive 
Benedict’s test. The urine thus requires a high dilution, and it is sufficiently accu- 
rate to term xylose any non-fermentable ‘ ‘ sugar ’ ’ left after treatment with yeast. 

The factors requisite for the conversion of cc. 0-005 thiosulphate to 
fructose, mamiose or xylose can be found in Table I of Harding and Downs [1933]. 

ExPEEIMElirTAL. 

Normal male subjects fasted from 6.0 p.m. to the next morning. The 
Madder' was emptied at 9.0 a.m. The desired amount of sugar dissolved in 
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400 cc. water was taken. Finger blood-samples were drawn every 15 mins, 
during the first hour, and at 30 min. intervals during the second hour. Urine 
was collected at 11.0 a.m. The sugars were bought as pure, but the xylose was 
found to contain a small amount of reducing substance removable by yeast. 

Results and discussion. 

Fructose. The amounts of fructose appearing in the arterial blood after 
ingestion of 50 g. are very small. The small amounts, determmed by the use of 
inicro-orga-nisms as a method of analysis, agree in general with those obtained 
by eolorimetiic chemical methods (Fig. 1). The main increases which occur in 


Ag. Urine-lhictose — 54 mg. 

Ds. Urine-iruclose = 2 nig. 



Fructose 

Fruclose 

Jn. Urine-l'ructose — 38 mg. 

1 Ad. Urine-fructose = 14 mg. 


^ Glucose 

^riiclose 

Fructose 


Time intervals; 15 mins. 


Tig. 1. Showing glucose and fructose in cutaneous blood after oral 
administration of 50 g. fructose. 


the total blood-sugar are due to glucose. Similar, though perhaps not so large, 
increases are found after the ingestion of 25 g. fructose (not shown). Small 
amounts of fructose were also found in the iiiiiie, varying from 2 to 54 mg. in the 
two-hour period. These results support the supposition of Harding and Selby 
[1931] that part of the fermentable sugar of a daily urine can be fructose, 
arising from its ingestion in the form of invert sugar in fruits, honey, etc, 

]M.Q)7bYiose, The blood analyses after ingestion of either 25 or 50 g. mannose 
are devoid of positive findings (Fig. 2). Neither the glucose nor the mannose 
fraction showed variations outside the biological or experimental variation. Of 
the so-called fermentable sugars, mannose shows the lowest rate of absorption. 
Using Cori s [1925] figures on the rat as a general guide, mannose is absorbed 
from the intestine at sHghtly less than one-half the rate of fructose, yet this 
cannot be advanced as the entire reason for our failure to demonstrate its 
presence in the blood-stream. Some absorption unquestionably took place, for 
its presence in small amounts was readily shown in the urine. Moreover/ the 
presence of xylose, which in the same series possesses only a very slightly 
inferior absorption rate, can readfiy be shown in arterial blood after its oral 
mgestion. The rate of utilisation of mannose must equal or exceed its rate of 
absorption. The few mg. which escape into the urine provide evidence for the 
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practical non-existence of a renal threshold for mannose. From oiir results on 
fructose the renal threshold for this sugar must also be non-existent or extremely 
low [Foliii and Bergliiiid, 1922]. The renal threshold for galactose appears to be 
equally low [FoHii and Berglund, 1922; Harding and Van Nostrand, 1929-30; 
Harding and Grant, 1932-33], and glucose thus seems to be the only utiHsable 
sugar which shows the interesting phenomenon of a high renal tlireshold. 

Xylose. This sugar is not utilised by the mammalian' organism. True, 
coefficients of utilisation have been calculated from time to time on this and 
other pentoses, but the use of the term utilisation is based upon a lack of complete 
recovery of an administered amount, rather than on definite proof that the sugar 

pg- Urine-mamiose= 19 mg.| Gt. Uriiie-maiinose =8 nig. j 



^ Ad. Urine-niaiinose = 5 nig. Nn. Urine-mannose = 21 mg. 
^ looh 




Time intervals: 15 mins. 

Fig, 2. Sliowiiig the lack of rise of blood-glucose after oral administration of mannose. Mamiose 
was not detected in the blood. Subjects Ag and Gt received 25 g. mannose; subjects Ad and Nn 
50 g. 

takes an active part in daily metabolism. In recent studies Miller and Lewis 
[1932] have been unable to demonstrate satisfactory glycogen formation in the 
rat. Very active tissue, such as tumour tissue [Russell, 1923] or embryonic kidney 
tissue [Watcliorn and Holmes, 1931], causes the disappearance of xylose from a 
nutrient solution, coiiicidently with an increase in area of the growth, but the 
mechanism of the utilisation of xylose evidently differs from that accompanying 
the similar disappearance of glucose, fructose and galactose. The loss of xylose 
from the nutrient solution is not accompanied by any diminution of production 
of urea and ammonia as is the case invariably with glucose or fructose, and 
irregularly with galactose [Watchorn and Holmes, 1931]. 

The curve of blood-xylose after the oral administration of 50 or 25 g. differs 
from that of the other sugars. Large amounts are present, and at the end of two 
hours there is only a slight diminution in its concentration in three of the four 
experiments. Even after ingestion of only 10 g. the curve of blood-xylose has not 
reached zero level in two hours (Fig. 3). The contrast between the blood-sugar 
curves of this sugar and galactose (where the zero level is reached in two hours 
after ingestion of 40 g. ) emphasises their different metabolic behaviour. Galactose 
belongs to the class of utilisable sugars, a fact which is now being more widely 
recognised than formerly. 
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Despite the large amounts of xylose in the blood-stream there is no marked 
rise in blood-glucose. The amounts of non-gkicose sugar are larger than after 
either galactose or fructose. Only after ingestion of 50 g. of xylose is there, in 
one subject, any increase in blood-glucose which might be legitimately reckoned 
as outside the normal fasting variation. The presence of a considerable quantity 
of foreign sugar in the blood-stream evidently need not produce a hyper- 
glycaemia. These results on man agree with those of Corley on the rabbit. The 
amounts of xylose found in the urine are comparable with those noted by 
McCance and Madders [1930]. 



Fig. 3. Showmg glucose and xylose in cutaneous blood after oral ingestion of xylose. Subiects 
Jn and Ds received 50 g. xylose; subjects Ag and Nn 25 g.; subjects Oc and Wd 10 g. 

Galactose. Figs. 1 and 2 in the previous paper of Harding and Grant [1932-33] 
show the average curves of blood-galactose and glucose after the ingestioii of 40 
and 80 g. galactose by man. 

What significance must be attached to the increase in blood-glucose occurring 
alter the oral administration of galactose and fructose? Harding and Van 
JNostrand, and Roe and Schwartzmann, attributed it to direct conversion of 
piactose into glucose. Harding and Grant felt, however, that the increases were 
^ 00 variable and too independent of the amount of galactose to have their origin 
in a direct simple interconversion of the sugars. Yet, as we have just seen, the 
presence of similar amomits of foreign sugar in the shape of xylose will not 
pro uce a corresponding hyperglycaemia. Galactose and fructose are apparently 
a class apart, and produce a hyperglycaemia as a result of some specific action. 
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Tlie most rational explanation to adopt at present seems to be to regard the 
hyperglycaeiiiia as a result of the production of some precursor of glucose. 

Fructose has been kiiomi to produce lactic acid on ingestion in man [Campbell 
and Maltbyj 1928] and galactose has recently been shown to give rise to lactic 
acid ill dogs [Wierzuchowsky and Laniewski, 1931]. Whether the production of 
lactic acid from these two sugars reflects the primary path of metabolism or 
a secondary one is immaterial. Airy large production would give rise to a 
temporary li 3 'perglycaemia. Mannose is perhaps too slowly absorbed to give rise 
to a large amount of any glucose-former. Xylose, as a non-iitilisable sugar, 
would possess no such action. 

While such a Anew may^ harmonise the facts as known after the oral ingestion 
of non-glucose sugars, it would seem necessary to assume that extremely large 
amounts, such as are temporarily introduced into the blood-stream by intra- 
Amiious injection, can give rise to hypergtycaemia, independently of metabolic 
change, as suggested by Fishberg. The one subject of our xylose series who showed 
a A'ery slight liypergtycaemia after ingestion of 50 g. may have been at the 
comnienceiiient of such a change. The high dosage, however, produced a strong 
diarrhoea and precluded further experiments. 

Summary. 

1. The oral administration of fructose to man produces an increase in 

blood-glucose. This is similar to the behaAdour of galactose. Small concentrations ' ; »| 

of blood-fructose AA^ere also measured. 

2. The micro-organism method of anal^^sis shoAvs small amounts of urinary 
fructose after fructose feedmg. 

3. It AA^as not possible to demonstrate either the presence of mannose in the 
blood-stream or a hyperglycaemia after the oral administration of mannose. The 
slow rate of absorption of this sugar, coupled AAuth a rapid utilisation, maj^ 
account for these results. 

4. Mannose wSbS detected in the urine after ingestion of mannose. 

5. The oral administration of xylose results in large amounts of cmciilating 
xylose in the Mood. The rate of removal of xjdose from the blood must be small, 
as easily measurable amounts are found at the end of two hours eA^en after the 
ingestion of oiity 10 g. 

6. Large amounts of x^dose are found in the urine after ingestion of xylose. 

7. It is suggested that the hj^perglycaemias foUoAAdng the ingestion of 
fructose and galactose are the results of the production of a glucose -precursor. 

Any foreign sugar, lioAvever, if its blood concentration is sufficiently great, may 
produce a hyperglycaemia. 
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CCLXXVIIL IRRADIATED ADENINE SULPHATE 
AS A SOURCE OF VITAMIN Bj FOR GROWTH^. 

By BARNETT SURE. 
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Fayetteville, 

{Received September 25th, 1933,) 

Ever since the early findings of Suzuki et al. [1912] and of Drummond and 
Funk [1914] that nicotinic acid is a constituent of the curative fraction of rice 
polishings, suggestions have come forth associating the antineiiiitic factor mth 
substances having purine or p3rridine structures. The latter idea was accepted as 
a working basis b}?' R. R. Williams [1916]. Williams, however, believed that only 
certain isomerides of the liydi'oxypyridines were effectual in curing polyneuritis in 
pigeons and, hence, developed Ms theorj?' of the rdle of isomerism in the physiology 
of vitamins. This work was not corroborated by other investigators. 

In a recent preliminary communication Tschesche [1933] has called attention 
to the similarity between adenine hydrochloride and the vitamin crystals 
isolated by Barnes et al. [1932], Heard et al. [1933], while admitting that 
vitamin B4 crystals consist largely of adenine, stated that the latter did not 
exhibit vitamin B4 activity. Neither did irradiated adenine produce a vitamin 
B4 response. Contrary to the experience of the latter workers, Guha and 
Chakrovarty [1932] have reported in a preliminary communication sent by cable 
from India, that vitamin can be synthesised photochemically by the ultra- 
violet irradiation of adenine sulphate. 

In our recent investigations of the protective action of vitamin B^ against the 
toxicity of thyroxine, highly concentrated extracts prepared by the author were 
employed, which were potent to the extent that 1 mg. daily per animal produced 
a growth of 3 g. weekly, which is equivalent to the modified Sherman unit 
[Sherman and Spohn, 1923]; and 3 to 5 mg. per rat daily produced a growth 
of 12 to 15 g. weekly, which is equivalent to the Chick and Roscoe unit [1929]. 
Since in our recent hyperthyroidism work [Sure and Smith, 1933] ^Ye have 
employed pure crystalline thyroxine, it was desirable to follow such studies with 
as concentrated and as pure a source of vitamm B^ as is obtainable. Attem.i)ts 
were made, therefore, to secure vitamin Bj by the procedure of Guha and 
Chakrovarty. Since no details of the technique were given, adenine sulphate^ 
was irradiated for periods varying from 1 to 30 mins. These time limits had been 
found adequate for various sources of vitamm D. The irradiated adenine sulphate 
was dissolved in water and the daily dose administered volumetrically with a 
finely graduated pipette. 

In view of the recent report of Kinnersley et al. [1933] that as little as OT y 
(0*0001 mg.) of pure vitamm B^ should be a sufficient daily dose for pigeons, a 
smaller daily allowance than 0*1 mg. for the albino rat was not tried. The daily 

^ Research paper No. 318, Journal Series, University of Arkansas. 

2 A pure product purchased from Eastman Kodak Company, Rochester, N.Y. 
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Table I. Irradiated adenine sulphate as a source of vitamin for growth. 


Change in body weight is expressed in g. {!>) = died. 


Animal 

iiii]ail)er 

Period of 
experimen 
tSution 

Daily 

dosage 


Period of irradiation 


and sex 

(days) 

(mg.) 

f 

1 min. 

5 mins. 

10 mins. 

16 mins. 

\ 

30 mins. 

$ 9649 

13 

0-1 


__ 

-9(D] 

1 _ 

— 

$ 9675 

13 

0-1 





-8 






7 

0*5 

— 

— 

-4 

— 

— 

^ 9676 

13 

0*1 

— 



-5 





7 

0*5 

— 

— 

-2 






7 

0*1 

~ 7 

— 








14 

0-5 

-8(D) 

— 

_ 

— 

— 

$ 9677 

13 

0-1 

— 



-11 





7 

1*0 

— 

— 

-11 

— 



? 9678 

13 

0*1 

— 



-6 

__ 



7 

1-0 

— 

— 

~8(D] 

i — 

— 

^ 9694 

13 

0-1 

— 

-4 








7 

0*1 

~ 

— 

— 

— 

-15(D) 

$ 9695 

13 

0*1 

— 

-6 







7 

0-1 

— 







-4 


7 

0-1 

-2 









7 

0-5 

-4(D) 

— 

— 

— 



9696 

13 

0-1 

— 

-8 






7 

0-2 

__ 


— 



-8 

o 9697 

7 

0-2 





-4 




7 

0-2 

— 





-3 


7 

0*1 

-1 








28 

1-0 

-9(D) 

— 

— 

— 



0 9698 

7 

0*2 

— 



-1 




40 

0*5 

__ 



— 

- 17(D) 

$ 9707 

7 

0*2 

— 



+ 1 




7 

0-2 

— 

— 




-2 


S 

0-2 

-4(D) 

— 

— 

— 


9711 

7 

0-2 

— 

— 

— 

— 

-5(D) 

$ 9718 

7 

0-2 

— 



-3 




7 

0-5 

— 

— 

-9 




$ 9719 

7 

0-2 









7 

0*5 

— 



-9 



S' 9720 

7 

0-2 



— 2 





7 

O’O 

— 

-4(D) 

— 

— . 



<3^ 9721 

7 

0-2 

— 

-7(D) 

— 





S 9725 

13 

0*1 



-5 





7 

0*5 

_ 

-10(D) 

— 





$ 9726 

6 

O-I 



-6 





7 

0-1 





— 2 



15 

0*5 

— 




-6 


$ 9727 

7 

6 

0-5 

0*1 

— 

±0 

— 


-7(D) 


7 

7 

0-1 

0-5 

— 

— 



-6 

- 10(D) 

— 

S 9728 

6 

0-1 



7 



0 9729 

7 

0-1 

— * 


— 

-3(D) 



6 

0-1 

— 

iO 






7 

O'l 





_ 9 



15 

18 

0- 5 

1- 0 

— - 

— 

__ 

-6 

-5(D) 

— 
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Table I {cent.). 


Animal 
iiiiiiiber 
and sex 

Period of 
experimen- 
tation 
(days) 

Daily 


Period of irradiation 


dosage 

(mg':) 

( 

1 min. 

5 mins. 

10 mins. 

16 mins. 

30 mins. 

$ 9730 

16 

0-1 

— 

— 

— 

4-2 

— 


11 

0-1 

-6 

— 

— 

— 

— 


19 

1-0 

-8(D) 

— 

. — 

— 

— 

cJ 9731 

13 

Od 

— 

— 

— 



3 

0-1 

— 

— 

— 

— 

— 3 


9 

0-1 

-9(D) 

__ 

— 

— 

— 

0 9733 

13 

0-1 

— 

— 

— 5 

— 

”3{D) 

7 

0-1 


___ 

— 

— 

$ 9734 

13 

0-1 

-4(D) 

— 

— 

— 

— 

^ 9735 

13 

0-1 

+ 4 

— 

— 

— 

— 


3 

0-1 


— 

— 

— 

-4 


4 

0-1 

-5{D) 

— 

— 

— 

— 

d 9736 

13 

0-1 

— 

— 

— 

4-3 

— 


3 

0-1 

— 

— 

— 

— 

- 1 


11 

0-1 

-7 

— 

— 

— 

— 


7 

0-5 

~ 

— 

— 

— 

-10(D) 

0 9737 

13 

0-1 

— 

— 

— 

-3 

— 


15 

0-1 

. — 

— 

— 

— 

- 6 


7 

0*5 

— 

— 


~~ 

-5(D) 

9738 

13 

0-1 

— 


— 2 

— - 

-14 


15 

0*2 






24 

0-5 

— 

— 

~ 

— 

-5(D) 

? 9739 

13 

0-1 

— 

__ 

— 7 

— 

-1 

7 

0-2 

— 

— 

— 

— 


11 

0-1 

dzO 

— 

— 

— 

— 


13 

0-5 


— 

— 

— 

-10(D) 

S 9740 

13 

0-1 

— 

_4 

— 

— 

-9(D) 

7 

0*5 

— 

— 

— 

— 

0 9741 

13 

0-1 

— 

4- 5 

— 

— 



3 

0-5 

— 

— 

— 

— 

— 2 


24 

0-1 

-17(D) 

— 

— 

— 

— 


dose varied from 0-1 to 1 mg. A total of 32 animals was employed, 19 females 
and 13 males. The experiiii.ental period lasted between 3 and 52 days. 

The dietary technique employed has been recently described [Sure, 1933] by 
the wiiter. First, the animals were transferred from our stock diet No. 1 
[Sure, 1926] to a ration deficient in the vitamm B complex, which consists of 
caseinogeii (purified)^, 20; agar-agar, 2; McCollum’s salts No. ISo, 4; filtered 
butter fat, 10; and dextrin, 64. On this ration depletion of reserves of vitamins 
Bj and B 2 wm-s secured in two and generally in not more than three weeks. The 
rats were then transferred to our vitamin B]_-deficient ration of the following 
composition: caseinogeii (purified)^, 10; McCollum’s salts No. 185 , 4; autoclaved 
dried round steak 15; filtered butter fat, 10 ; dextrin, 61 . On such a dietaiy 
regime, supplemented with 1 mg. daily of Sure’s vitamin B concentrate [1932], 
a gain of 3 g. per w^eek per animal was obtained, and with 3 to o mg. daily of such 
concentrate, a weekly gain, satisfying the Chick and Roscoe [1929] unit, was 
secured; yet, as much as 1 mg. daily of irradiated adenine sulphate as a source 
of vitamin Bi resulted in total failure of growth. The complete results are 
summarised in Table I. 

^ With acidulated water and extraction with 25 % ethyl alcohol in the cold [Sure, 1933]. 

2 Heated for 6 hours at 20 pounds pressure and diied. 
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SmiMABY. 

Pure adenine sulphate, irradiated for periods ranging from 1 to 30 mins, and 
fed in closes of Od to 1 mg. per rat daity proved to be a complete failure as a 
source of vitamin for growth. 
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L FURAN AND DERIVATIVES, 

Shear [1926] reported a test associated with vitamin D made by means of a 
reagent containing 15 volumes of aniline and 1 volume of concentrated liydi’o- 
cliloric acid. When the test was positive a characteristic red coloration was 
obtained on heating. The test was given by irradiated cholesterol (containing 
ergosterol), cod-liver oil and the unsaponifiable portion of cod-hver oil, and by 
vegetable oils after ultra-violet irradiation. 

Shear’s reagent is somewhat similar to the aniline acetate reagent for 
detecting furfur aldehyde. We therefore undertook a study of h|s reagent with 
reference to its reactivity with furan and its derivatives. Our tests were carried 
out by adding 0-1 ce. to 0-2 cc. of the compound if a liquid and 25 to 50 mg. if 
a solid to 5 cc. of the aniline-h 5 Mrochloric acid reagent. The anilme used should 
be distilled onbe or twice until it is free from colour. We first observed the 
reaction at room temperature and then heated to note other changes. The 
results are given in Table I. 

Euran and its derivatives give characteristic colour reactions with the 
aiiiliiie-hydrochloiic acid reagent. The colours obtained in the cold vaiy from 
red, lavender, purple, green to blue. Euran, tetrahydrofuryl alcohol and 
tetrahydrofuryl butyrate fail to react without the use of heat. The colours 
obtained on heating are deep red or brown-red. The colours developed darken 
on standing. Fiiroic acid and furylacrylamide do not react at room temperature 
or after the application of heat. 

Tliiophen does not react. Pyrrole and some of its derivatives react slightly, 
but the reactions obtained with these compounds lose their significance in view 
of the fact that pyrrole when heated with dilute acid alone is known to form 
a reddish coloration or amorphous red powder. Pyrrole with the anilme - 
hydrochloric acid reagent gives a reddish brown colour before heating and a 
deeper brown after heating. The foUowdng compounds containing the pyrrole 
ring do not react in the cold or on heating : indole- 3-'^-propionic acid, skatole, 
proline, tryptophan and carbazole. 
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Table I. Beactions offuran and derivatives with Shear’s aniline- 
hydrochloric acid reagent. 



Compounds 

At room temperature 

On heating 

1. 

Furaii 

Mo change 

Beep amber wdth red- 
brown tinge 

2. 

Furyl alcohol 

Purplish red 

Very dark brown 

3*. 

Fury] acetate 

BrHliaiit red to lavender to 
dark lavender 

Dark brown 

4. 

Tetrahydrofuryl alcohol 

Mo change 

Orange 

5. 

Tetrahydi.’of\iryI acetate 

Bright magenta 

Beep brown- orange 

6. 

Tetrahydrofuryl butyrate 

Mo change 

Yellow-brown 

7. 

Furfuraldehyde 

Brilliant purple 

Violet precipitate with 
dark brown liquid 

8. 

Fiirfuraldehyde acetone 

Bark red, deep olive-green 

Beep red 

9. 

Furfuraldehyde acetophenone 

Beep amber 

Mahogany-red 

10. 

Furylacroleiii 

Green to blue 

Bed 

11. 

Furylaeroleinoxime 

Blue to green 

Bark brown 

12. 

Furfuraldehyde diaeetate 

Brilhant red 

Mahogany-red 

13. 

Furfuraldoxime 

Bright red to purple 

Bark brown 

14. 

Hydrofuramide 

Bright red to puiple 

Bark brown 

15. 

Furoin 

Brown, light red, dark bro\m 
with violet tint 

Bark red with violet tint 

16. 

Furil 

Yellow-brown to bright red 

Bark red- brown 

17. 

Furoic acid 

Mo change; does not dissolve 

Dissolves, no change in 
colour 

18. 

Methyl fui’oate 

Orange-red 

Light orange-red 

19. 

Ethyl furoate 

Blood colour, solidifies 

Bark brown 

20. 

Propyl furoate 

Orange-red 

Orange-red 

21. 

?^-Butyl furoate 

Purplish red 

V ery deep brown 

22. 

Amyl furoate 

Beep olive-green 

Orange -red 

23. 

Furoyl cliloride 

Violet to light amber 

Amber 

24. 

Euroiiitrile 

Browui-grey to dark brown 

Very deep brown 

25. 

Furacrylic acid 

Brown-grey to dark brown 

Very deep brown 

26. 

Fury la crylamide 

No change 

No change 

27. 

Furylacrolyl chloride 

Black-brown; does not dis- 

Black- brown 


solve readily 


The Shear reagent also reacts on the application of heat when solid carbo- 
hydrates wiili or without a free carbonyl group are added, yielding greenish 
brown, yellow-brown, and brown-red colorations. The pentoses, rhamnose, xylose 
and arabiiiose , react most vigorously owing to the large amount of furfuraldehy de 
I they are capable of yielding when heated Avith acid. 

IL TERPENES* 

Sexton [1928] studied the reagent with reference to sterols and reported 
^ negative results with cholestane, cholesteryl acetate and dicholesteryl ether. 

The compounds that he observed to react positively were the ketone derivatives, 
and of these the more unsaturated proved the more sensitive. The saturated 
ketones, cholestaiie-4-oiie and cholestane-7-one, proved positive after prolonged 
f; standing of the heated reaction mixture, wdiile the unsaturated ketones, 

cholestenone, oxy cholesterol acetate, oxycholestenone and oxycholesterylene, 
gave intense colour reactions within ten minutes. Two ketones belonging to the 
terpene series, camphor and carvone, Sexton [1928] also found to give positive 
reactions. His findings harmonise with those of Heilbron et al, [1928], who 
maintain that vitamin D has ketonic properties. Rosenheim and Webster [1926] 
regard Shear’s reaction as non-specific. They were able to obtain with olive oil 
after the addition of a trace of benzoyl peroxide or turpentine the same intense 
reaction as with cod-liver oil. 



SHEAR’S REACTION 
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We liaYe studied Shear’s reaction with members of the terpeiie series, using 
the method described in Part I (p. 2047). The results are given in Table II. 

Table II. Beactions of terrenes with aniline-hydrochloric acid reagent. 

Reaction on Changes on standing 


Compound 

1. Borneol 

2. {^-Camphor 

3. ilZ-Camphor 

4-6. cf-Camphoric acid 

fl-Camphoric anhydride 
ci-Camphorsulphoiiic acid 

7. Fenchyl alcohol 

8. Piiiene 


Chemical nature 
Cam'phane grou'p 

Saturated compound; 1 secondary alcohol group 
Satmated compound; 1 ketone group 


9. p-Menthaiie 

10. Cineole (eucalyptol) 

11. i-Menthol 

12. vMenthone 

13. Thujone 

14. Terpene hydrate 

15. Terpineol 

16. Limonene 

17. Carvone 

18. lonone 


19. Citronellaldehyde 

20. Citronellol 

21. Isoprene 

22. Geraiiial (citraldehyde) 

23. Geraniol 

24. Linalool 


Saturated compound; 1 secondary alcohol group 
Unsaturated compound; 1 double bond 

Menthane group 
Saturated hydrocarbon 

Saturated compound; 1 bridge oxygen 
Saturated compound ; 1 secondary alcohol group 
Saturated compound ; 1 ketone group 
Saturated compound; 1 ketone groui) 

Saturated compound ; 2 tertiary alcohol groups 
Unsaturated compound; 1 double bond and 1 ter- 
tiary alcohol group 

Unsaturated compound ; 2 double bonds 
Unsaturated compounds; 2 double bonds and 1 
ketone group 

Unsaturated compound; 2 double bonds and 1 
ketone group 


Olefine group 

Unsaturated compound; 1 double bond and 1 al- 
dehyde group 

Unsaturated compound; 1 double bond and 1 al- 
cohol group 

Unsaturated compound ; 2 double bonds 

Unsaturated compound ; 2 double bonds and 1 al- 
dehyde group 

Unsaturated compound; 2 double bonds and 1 
primary alcohol group 

Unsaturated compound ; 2 double bonds and 1 ter- 
tiary alcohol group 


beating 

after heating 

No change 

No change 

No change 

No change 

Faint brown-i’ed 

Light browm-red 

No change 

No change 

Blood-red 

Brown-red 

Blood-red 

Heavy pale brown 

Brown-red 

Deep red oil drop- 
lets separate out 

Light brown 

Darker brown 

No change 

No change 

Dark brown 

Dark brown 

Mabogany-red 

Mabogany-red 

Brown-red 

BxoTO-red 

Bro’wn-red 

Brown-red 

Dark red 

Darker red 

Brown-red 

Deeper brown-red 

Deep magenta- 

Darkens to deep 
red-brown with 

red; on shak- 

ing emerald 

disappearance of 

green observed 

green coloui' first 

on sides 

observed on sides of 
tube W'hen shaken 

Yellow^ 

Dark brown 

Orange-red 

Deep brown 

Golden yellow 
to yeliow-bro-wn 

Brown 

Deep cherry-red 

Deep brown-red 

Orange-red 

Deep brown 


Dark red-brown Deep red oil drop- 
lets separate out 


The compoimds tested as a rule do not react in the cold. Gitral, lioweAT-er, 
proved to be an exception, giving the colour of intense magenta in the cold. The 
colour of the reaction mixture at room temperature was shglitlj?^ darker with 
terpene hydrate, terpineol and linalool, and slightly lighter with cineole and 
limonene, Citronellal gave a 3 ^eliowisli white precipitate in the cold, but the 
characteristic colour reaction was obtained on heating. The colours in the heated 
mixtures darkened on standing. Red colorations turned deeper red or deep 
brown. 

The aniline-hydrochloric acid reaction is negative with 'kmeiithol, borneol, 
d- camphor, 6^- camphoric acid, d- camphoric anhydride and d^-camphorsuiphonic 
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acid; (fZ- camphor reacts very faintly. The reaction is the more intense the 
greater the saturation of the compound. The olefinic terpeiies react most 
vigorously. The presence of an alcohol, aldehyde or ketone group in an iiii- 
satiirated terpene serves to intensify the colour reaction. Configuration also 
influences reactivity. Carvone and ionone are both iiiisaturated compounds mtli 
two double bonds and one ketone group. Yet ionone is far more reactive than 
carvone. 

We cannot confirm Sexton’s conclusion that the ketone group is responsible 
for the Shear* reaction. The ketone, ^Z-camphor, gives no result and ^^Z-camplior 
(synthetic) gives but a very slight reaction. While the ketones, Z-meiithoiie, 
thiijoiie, ionone and carvone, react very strongly, w^e must not fail to note that 
many of our most reactive compounds are not ketones. 

Carotene yields on heating a deep brown-red colour with Shear’s reagent. 
Carotene is related to the terpenes. Karrer et al [1929; 1930; 1931] subjected 
/3-carotene to permanganate oxidation and obtained ^-ionone, a terpene. On 
ozonising ^-carotene he recovered an amount of geronic acid comparable to that 
obtained from two moles of/3-ionone. From a-caroteiie Karrer obtained amounts 
of geronic acid comparable with half of that obtained from jS-caroteiie. Heilbroii 
f al [1932] obtained geronic acid as a result of the oxidation of vitamin A. The 
isolataoii of this acid confirms the presence of the ionone ring in the structure of 
the vitamin A molecule. We have examined ionone with the aniline-hydrochloric 
acid reagent and have found it to be exceedingly reactive. 

Ihe Shear reaction is given by substances contabiing any of the fat-soluble 
vitamms, by cod-bver oil and eod-bver oil concentrates, by haUbut-bver oil 
or Its eoneentrate and by preparations containing vitamin e! Wheat germ oil, 
treated to remove any traces of vitamin A. It was heated 
at 100 lor one hour and oxygen passed through it during the period of heating 
lire cooled oh gave a stronger reaction with the anihne-hydrochloric acid reagent 


The Shear reaction is also 
ergosterol. 


given by provitamin A (carotene) and by irradiated 
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CCLXXX. REACTIONS OF TERPENES WITH 
ANTIMONY TRICHLORIDE. 

By victor EMANUEL LEVINE and EUDICE RICHMAN. 

From the Department of Biological Chemistry and Nutrition, School of 
Medicine, Creighton University, Omaha, Nebraska. 

{Meceived October 28th, 1933.) 

Antimony trichloride in chloroform solution yields colour reactions with fish- 
liver oils and fish-liver oil concentrates [Carr and Price, 1926], with carotenoid 
pigments [Moore, 1929; Euler et at. 1928], with certain sterols and their deriva- 
tives [Karrer, 1928; Wokes, 1928; Heilbron and Spring, 1930; Seel, 1931], and 
with certain five-meinbered monoheterocyclic compounds [Levine and Pichmaii, 
1933]. 

ITnsatiiration and the terpene groupings are common chemical factors in 
carotenoid pigments, in vitamin A and in sterols occurring in the plant and 
animal organism, according to Karrer et al. [1929; 1930; 1931] and to Heilbron„ 
Morton and Webster [1932]. Korris and Church [1930] have studied the 
antimony trichloride reaction vith relation to some thirty -four essential oils. 
They reported that these oils yield various shades of yellow, brown and red. 
■Wormwood oil, however, gave a green colour, etheral oil a purple and cedar 
wood oil an intense permanent blue, which has an absorption band with a 
inaxinium at 580 m/x. Corbet et al. [1933] reported several terpenes as interfering 
substances in the antimony trichloride test for vitamin A in cod-liver oil. 

We have studied the antimony trichloride reaction among compounds of the 
terpene group. The reagent used was that of Carr and Price. Antimon^y tri- 
chloride, washed three times in chloroform (u.s.p.) containing 1 % alcohol, was 
dried in the desiccator. iV solution of this product was made by adding 30 g. to 
100 cc. of chloroform. The clear solution w^as decanted and used as the reagent. 
The terpenes were made up to 20 % solutions or mixtures in chloroform. Three 
to four drops of the chloroform mixture were added to 2 cc. of the antimony 
trichloride reagent. The reaction mixture containing terpene and reagent we 
have designated as Reaction mixture A. 

We have also adopted a procedure in which three to four drops of the 
terpene in chloroform are added to 0-5 cc. of acetic anhydride before final 
admixture with aiitimon}^ trichloride solution. The acetic anhydride prevents 
the formation of precipitates in the reaction mixture. It also acts as a catalytic 
agent, inducing a more vigorous reaction and a more intense display of colour 
changes. The reaction mixture containing acetic anhydride we have designated 
as Reaction mixture B. The results are given in Table I. 

The reaction is usually characterised by a succession of colour changes. In 
many cases the final colour is purple. Citral in the presence of acetic anhydride 
changes from dark 37 'ellow to brown, to wine, to purple and finally to. dark blue, 
loiione is a terpene which may be obtained by the oxidation of carotene and of 
vitamin A [Karrer et al., 1929 ; 1930 ; 1931]. This unsaturated terpene gives with 
antimon}^ trichloride an amber colour changing to wine, and finally on long 
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Table I. Reaction of terpenes with antimony trichloride. 


Compound 


1. Borneo! 

2. (i-Caraphor 

3. (^-Camphor 

4-7. d-Camphoric acid 

^-Camphoric anhyd ride 
iZ-Camphorsulphonic acid 
8. Fei:ich3rl alcohol 


Chemical nature 

Camphane group 

Saturated compound ; 1 secondary 
alcohol group 

Saturated compound; 1 ketone 
group 


Keaction 

mixtui'e 


0. Pinene 

10. p-’Menthane 

11. Ciaeole (euealyptol) 

12. Z-j\Ie:nthone 

13. /-Menthol 

14. Thiijone 

15. Terpene hydrate 

10, Terpineol 

17. Limoneiie 

18. Carvone 

19. lonorie 


A 

B 

A 

B 

A 

B 

A 

B 


Satoated compound ; 1 secondary A 

alcohol group 

B 


Unsaturated compound : 1 double 
bond 


Menthane group 
Saturated hydrocarbon 


Saturated hydrocarbon; 1 bridge 
oxygen 


Saturated compound; 1 ketone 
group 

Saturated compound; 1 secondary 
alcohol group 

Saturated compound; 1 ketone 
group 


Saturated compound; 2 tertiary 
alcohol groups 


Unsaturated compound; 1 double 
bond and 1 tertiary alcohol group 


Unsatiirated compound; 2 double 
bonds 


Unsaturated compound ; 2 double 
bonds and 1 ketone group 

Uiisaturated compound; 2 double 
bonds and 1 ketone group 


A 

B 

A 

B 


A 

B 

A 

B 

A 

B 

A 


B 

A 


A 

B 

A 

B 


Results 

Colourless, slight pink overnight 
Colourless; no change 

Light |)ink to rose 
Colourless, to amber vdth pink tint 
No colour after 24 hours 
No colour after 24 hours 

No colour after 24 hours 
No colour after 24 hom’S 

Beep lemon tmiiing cloudy green, finally 
white precipitate and light browm fiuid 
Colourless, changing quickly to deep lemon- 
yellow, brownish yellow, pmple and to wine 
colour with brown tinge 

Creamy, chalky precipitate, to orange pre- 
cipitate and brown wine-colom-ed liquid 

Colourless, then brown-purple coloui% finallv 
%ht broira 

Slightly cloudjT-, light pink, to salmon colour, 
gray precipitate 

Colomiess, to light lemon, light amber and 
finally light red -brown 

Cloudy with pink tint. On standing pre- 
cipitate forms, supernatant liquid orange 
with purple tint then to purple-brown 

Colourless to pink, purple-pink, rose-purple 
to pmple ^ ^ 

Colourless; cloudy faint pink after 24 hours 
Pale straw, to very hght tan after 24 hours 
No colour 
No colour 

Slightly cloudy, to light pink, yellow pink, to 
brown with pink tinge 

Slight amber, dark amber, brown 

Cloudy, light orange with pink tinge, ovei'- 
mght light brown with pink tint ' 

Colourless, to pink, overnight to mahogariv- 
brown with pink tint 

Light liquid, then pinkish precipitate and 
orange-jnllow' liquid, which becomes purple- 
brown, finally broivn. with slight green tinge 
Colourless, to lemon colour, light pinkish 
brown, reddish brown 

Creamy suspension, to brick colour; white 
precipitate with a brown liquid, which 
finally changes to purplish 
Cn’eenish lemon, to mahogarn'-brown and 
finally to purplish brown 

Lemon jnllow^ changing to rose 
Lemon yellow^ changing to red-brown 
Amber to wine, overnight to purple 

Amber to greenish amber, mahogany-brown 
to reddish purple 
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Reaction 


Compound 

Chemical nature : 

mixture 

Results 


Olefine group 



20. Citronellai 

Unsaturated compound; 1 double 
bond and 1 aldehyde group 

A 

B 

White flaky precipitate, to^ orange, to pink 
supernatant red-broum fluid 

Amber, purple amber, brownish purple to 
wine colour 

21. Citronelloi 

Unsaturated compound; 1 double 
bond and 1 primary group 

A 

B 

Yellownsb suspension, cloudy bromi, to 
brown, to orange, to red-brown 

Amber, purple amber, brOYoiisii purple to u'iiie 
colour 

22, Isoprene 

Unsaturated hydrocarbon; 

2 double bonds 

A 

B 

Yellow at once, changing to orange and then 
to cherry- red liquid with brown precipitate 
No colour formation within first half hour, 
then yellow' to orange, to deep red, to brown 

23, Geraiiiol 

Unsaturated compound; 2 double 
bonds and 1 primary alcohol group 

A 

B 

Creamy coloured suspension, to orange, 
brown-orange, mahogany-brown 

Lemon, changing instantaneously to faint 
pink, then pink-purple, to purplish brown 

24 Geranial (citral) 

Unsaturated compound; 2 double 
bonds and 1 aldehyde group 

A 

B 

Dark yellow' precipitate, dark browTi liquid 
Dark yellow', brown brick precipitate, ma- 
hogaiiy-brown liquid changing to pm’ple tint 

25. Geranyl acetate 

It 

A 

B 

Golden yellow', browmish brick precipitate 
and rna'hogany-brow'n liquid to purple tint 
Greenish lemon, light green, light gray- 
browii with purple tint 

26. Linalool 

Unsaturated compound; 2 double 
bonds and 1 tertiary alcohol group 

A 

B 

light orange suspension, light pink, yellow'- 
pink, brown with pink tinge 

Lemon, turning instaiitaneoiisly to light 
purple-browTi, purple mahogany-brown, to 
distinct purple-brow’ii 


standing to purple. In the presence of acetic anhydride the initial colour is 
amber, which changes to p’eenish amber, mahogany-brown and finally to 
reddish purple. Vogel and Stolii [1933] converted jS-ionone by cyclisation with 
sulphuric acid into an orange-yellow powder, which gave with antimon 3 r 
trichloride in chloroform solution a permanent and very intense blue colour 
with a maximum absorption spectrum at 510 m/x and a large band beginning 
at 430 m/x. 

The following compounds jdeld no colour reactions: cl^camphor, d-cam- 
phoric acid, (l-campiioric anhydride, d-camphorsulphonic acid and Z-menthoL 
The following react very slowly and very shghtty: ^-camphor, borneol and 
l-menthone. 

The terpenes that react most vigorously are the unsaturated ones and the 
higher the degree of unsaturation, the greater the reactivity of the compound. 
The presence of an aldehyde, alcohol or ketone group induces greater reactivity 
in the uiisaturated compound. The camphane group is the least reactive and the 
olefine group the most reactive. 
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CCLXXXL CEREALS AND RICKETS. 

IV. THE EFFECT OF IMMATURITY OF THE MAIZE 
KERNEL UPON ITS RACHITOGENIC PROPERTIES^ 


By VERA MAY TEMPLIN^ and HARRY STEENBOCK. 

From the Department of Agricultural Chemistry, University of Wisconsin, 

Madison. 

{Received October 7th, 1933.) 

Introduction. 

The present report on the effect of the ripening process on the aiiticalcifying 
properties of maize had its origin in two lines of interest. In the first place, it 
was expected that if differences between iiiimatiire and ripe grains were found to 
exist, the foundation might thereby be laid for profitable studies on the nature 
of an aiiticalcifying factor or factors [Mellanby, 1921 ; 1922; 1924; 1925; 1926; 
1930; Green and Mellanby, 1928]. In the second place, the irregularity in the 
production of rickets on Ration 2965 [Steenbock and Black, 1925] as reported 
by Harris and Bunker [1930 ; 1931] might be explained. In seven or more years 
of use of Ration 2965, even though we have obtained our supph^ of maize from 
numerous sources on the open market, we have not experienced the irregularities 
in the production of rickets reported by Harris and Bunker. They claim to have 
overcome the difficulty by ageing the ground maize for 6 months or more, but 
storage of the whole kernels as distinguished from the ground maize was not 
found to result in improvement. Goidblatt [1931] has suggested that the 
difficulty was not caused hj a variation in the quality of the maize but in a 
variable settling out of the calcium carbonate from the other ingredients of the 
ration. He has proposed the incorporation of gelatin in the diet to prevent this. 

Experimental. 

Series I and II — Field maize. 

On August 25, 1931, 3^ellow dent maize still in the milk stage was brought to 
the laboratory from the university farm, OnH good sized ears which had the 
husks fully closed and which carried a browning silk were selected. These were 
husked in the laboratory, and the kernels were cut from the cob. Scraping 
successfully removed the germ from the cob also. A moisture determination at 
this time showed the presence of 66*0 % of water. 

The maize, spread in granite- ware pans in a layer not over one kernel in 
depth, was dried in the laboratory before an electric fan at a temperature not 
exceeding 29°. If any fermentation occurred, it was kept at a minimum by the 
low humidity of the atmosphere during the days of drying. The product had a 
sweet odour and in 24 hours was sufficiently brittle to be ground in a burr mill. 

^ Piiblislied with the permission of the Director of the Wisconsin Agricultnrai Experiment 
Station, Madison. 

^ Quaker Oats Company Fellow. 
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grinding never rose above 42°. Immediate cooHng was 
accompbslied m a refrigerator. After a day of further desiccation at reduced 
pressure in the presence of dry CaCIs, it was stored in a doth bag. 

A second portion of the maize prepared in the same mamier was desiccated in 
a drying room^vntt the aid of a fan. After 15 hours’ di-ying at a WeTature 

mfw to ^ f T sufficiently dry to grind. A third portion, which^was too 

latui e to be classified m the milk stage, was dried on the cob in an air current at 
room temperature preparatory to shelling and grinding. 

theshLl?r^fl^”^°®c normaUy matured ears of maize were removed from 
SLtr? o i ^ September 29. These were shelled and dried bv 
1 ^noni temperature for 5 days. The kernels were 

g ound at once and feeding was started a week later. For additional control 
purposes there was fed maize from the previous year’s harvest 

calcium low f maize was fed as the cereal component of our high 

S rwfeh^ sthTlh^^^^^ [Steenbock and Blade, 

glutei lo CaCO S® parts, wheat 

ingin- in a^ffroi ’4 +^ rats 

conLed indlviS^lC^i-n and m weight from 54 to 67 g. The rats were 

distributed tbif pf? m cages provided with screen bottoms. They were so 

aisTiiDutea tiiat each ration was fed to one reDre=?eTitfifivA nf t \- 4 .*ii ^ 

equalised bv limWnfV*f 5 ®°*^ consumption, and the food intake was 

£“ 1 “ £:5 I “'2 “ ™ 

were extracted in a Soxhlet f -p tissues. The femurs 

a.hed in . muffle witS £ C’d-t? ”1'* f "Z? 

preserved in 10 V formalin and * rf distal ends of radii and ulnae were 

AgNOa solution for 

metaphyses as carried 011 + in +1 reveal the width of the uncalcified 

InspeSs ofTe by McCoUum et al [1922]. 

of the experiment. * 1 ^® t™® ®f termhiatioi 

Tabiil.^In tirsiriefitich studied in Series I and 11 are assembled in 

the range of ave^riSuTdi^J t^lSetafSltlf^Th^ 

yeastftheTSdiXani waiffii'to 7 . 3 ^® tith'"^*^ of rations contfiffiig 

7-2 g. “ was b o to 7-3 g. with group averages between 6-9 and 

disturbed during^tirfifth weekly hffitetioT^^t^^^ somewhat 

hi most cases the infections wer ^though 

of a moderate or severe grade as ™ s-mmals they were 

of a serous discharge from the noS AhC f P"®®®®®® 

tive of a vitamin A deficienev onKr +w ' + ^ these symptoms were sugges- 

of ophthalmia. t^® ^^ts showed evidence of the initial st 4 es 

^ Obtained from The Northwestern Yeast Company, Chicago. 


RACHITOGENIC POTENCY OF YOUNG AND OLD MAIZE 2057 


Table I. Effect of immaturity of field maize on calcification. 


Average 

daily 

food 


Femur data 


Ration 


Weight 

Body weight food of ex- 

r ''' ^ consump- tracted 'Weight 

Initial Gain tion bone of ash 


% Meta- 
of ash pliyses 


Gostoclioiidral 

junctions 


Ad libitum food consumption — (4 animals) 


58 

42 

7-9 

0*1005 

0*0331 

33-0 

"Wide 

Mucli enlarged ; double 








beading; angulation 

59 

46 

7-9 

0*1069 

0*0346 

32-3 

3 5 

,, 

60 


8*2 

0*0833 

0*0203 

24-3 


55 

58 

17* 

7-2 

0*0893 

0*0250 

27-8 


57 

61 

24 

7-0 

0*0929 

0*0243 

26-2 


55 

qiialised food consumption-— (6 animals) 




5'7 

44 

7-2 

0*1050 

0*0330 

31-5 

7? 

55 

5T 

44 

7*2 

0*1069 

0*0357 

33-2 


55 

(55) 

(25) 

(7-0) 

(0*0840) 

(0*0213) 

(25-5) 


55 

57 

24*t 

7*0 

0*0902t 

0*0243t 

26*8t 


55 

55 

33* 

6-9 

0*0924 

0*0220 

24-0 

75 

53 

56 

30* 

7-0 

0*0903 

0*0210 

23-2 


59 


R 3T. Unripe maize air-dried below 29*^ 

R 38. Unripe maize dried at 50° 

R 39. Nearly ripe maize air-dried on cob 
B, 40. Ripe maize, from shock 
R 41. Ripe maize, from usual, stock 
supply 

R 42. Unripe maize air-dried below 29° 

R 43. Unripe maize dried at 50° 

R 44. Nearly ripe maize air-dried on cob 

R 45. Ripe maize, from shock 
E 46. Ripe maize, ' from usual stock 
supply 

* 2 or 3 animals lost weight during the last week. 

t 3 animals died before 31st day. 

( ) Average for the 3 animals wiiich lived to the close of the experiment. 

Tile values for weights of extracted femurs, weights of ash and percentages 
of ash ran remarkabh^ parallel in the two series. Although all animals w^ere in a 
very rachitic condition, the ash analyses indicated that the immature maize was 
less rickets-producing than the ripe maize. Group averages for percentage of 
ash in the femurs of rats fed immature maize, whether dried below 29® or at 
approximately 50®, fell between the values 31*5 and 33*2 % . On the other hand 
the' somewhat immature maize dried on the cob, ripe maize taken from the 
shock and maize from the previous year’s stock supply produced femurs with an 
ash content falling between 23-2 and 27*8 %. Thus immature maize rations 
'consistently produced a bone mtli approximately 7 % higher ash content than 
that formed from ripe maize rations. The average w^eight of extracted femurs 
from the immature maize rations fell between 0*1005 and 0*1069 g. as compared 
with the ripe maize range of 0*0833 to 0*0929 g. A. similar relationship held for 
average ash weights, the immature maize values falling between 0*0330 and 
0*0357 g. in comparison 'with a range of 0*0203 to 0*0250 g. for the ripe maize 
products. 

The silver nitrate staining test as applied to the wuist bones showed the 
presence of wdde rachitic metaphyses in all animals of both series. Likewise no 
differentiation was possible by means of the costochondral Junctions, all of 
which were much enlarged with double beading or aiigiilatioii in most animals . 
These observations were in harmony with the results obtained by ash anal3^sis of 
the femurs. 

It is evident that the immature maize contained nutrients or a combination 
thereof, which promoted better bone calcification than the corresponding mature 
maize. Analysis of two of the rations of Series I ruled out the possibility that 
this was due to a variation in total phosphorus content. The ration compounded 
from immature maize dried below 29® contained 37 8 mg. of phosphorus per 100 g., 
and that compounded from ripe maize from the shock contained 391 mg. per 

100 g. 
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Series III — Sweet maize. 

The study of the relation between the ripening process of maize and a ehanwe 
in its power to promote bone calcification was continued on canned sweet 
maize. Two canned products of “Golden Bantam” sweet maize and “Golden 
Bantam seed were obtained, from a commercial canning company i One 
product was vacuum-packed and the other brine-packed. According to informa- 
tion furmshed by the packers the sweet maize canned by the vacuum process 
had recejred no jdiHon other thm salt. In the brine ptLe.e of paeSng sS 
, fr* “""Puraon a brine-mcked whole 

«s..t..„an.?™riet„ 

The desiccation of the above canned products was carried out in eranite-ware 
“ "»“■ “ • ‘OH'Pf.ti.re of diTS? X 

spreadmg the maize in a layer not over one kernel in thickness a nroduct 
® obtained in 18 to 22 hours. The vacuum -packed maize 

matter matter and the brine-packed maize an average of 20 % dry 

samples of canned sweet maize were compared with ripened Golden 
Bantam seed. In order to relate the results to those obtained in the^mme^atelv 

The poSTfe^of W ‘Iried below 29° was also included 

a mtioTwhir??! ki r ? di-ymg process was evaluated by usmg 

titt V.? gr°^^nd coarsely, then covered 

the canS “mpt comparable to those used in desiccating 

incto STcJf df “S ^ “Edified by the 

eahbrated di-opper. These amounts, equivalent toto 

were administered over a 10 day neriod Tu n 7.1,1 ’ ^ and 140 mg. of oil, 

obtained in the distal ends of the radif and uW of healing 

distributi^r cagig IS feeSo?thT 

including e uahL^ntf «-^es 11, 

for ;stim:t£^^^^^^ P-led blood samples were obtained 

nnder light ether anaeslw anfriZ 

collected in a chilled centrifuge tuhp Aff^-n e a ^ carotid artery was 

the blood was centrifuged and the serum was a'Styser™® “ refrigerator, 

subbtorfiJS] ^S^iZ" wrrdit?™p\''^' 

method modified as follows An nH * t^c McCrudden [1911-12] 

in the phosphorus determination and repr^entinH^cr ^ 
neutrality in the presence of afiza^L^XS^rnSn ^ 

u /c HU lu „c,« wac aMrf aud .h. Cci.cu prcciplSy Su.?“ a,2 tl 
Obtained horn The Md West Canning Corporation, Eoehelle. Illinois. 
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a medium buffered with sodium acetate to a sufficient to give a red colour 

with, alizarin. After standing overnight, the calcium oxalate was centrifuged oft, 
%vashed with dilute NH 4 OH, dissolved in H 2 SO 4 and titrated with 0-01 N KMn 04 
delivered from a micro -burette. 

The ash analyses were made on only one femur of each animal except 111 
those cases -where a possible discrepancy needed checking. The metaphrases of 
the WTists were measured after silver nitrate staining, with a steel scale graduated 
to one-hundredth of a centimetre. Observations on the costochondral Junctions 
were included. 

The results of this series of tests are assembled in Table II. The gains 111 
body weight were both satisfactory and uniform throughout all groups. The 
food intake averaged 6-6 g. per animal per day for the entire period. 

Table II. Effect of immaturity of sweet maize on calcification. 


Junctions 

Much enlarged, ^ 
angulation and 
double beading 


enlarged 


Blood from rats udth severe respiratory trouble was not used, 
t One rat had severe respiratory trouble at the close of the experiment. 

The percentage of ash in the femurs disclosed the same relations as those 
observed in the previous experiments; that is, the immature maize promoted 
better calcification than the corresponding ripe maize. Whereas the Golden 
Bantam seed produced femurs containing 33*0 % of ash, the same variety of 
maize at the canning stage raised the ash content to 45-0 and 43*6 % . The 
white variety of sw^eet maize gave an ash content of 46*1 % , b- figure comparable 
to that given b}^ the Golden Bantam variety. Moistening and redrying the 
Golden Bantam seed raised the ash content to 36-2 % — a 3*2 % increase above 
'the untreated seed. This suggested the need for further study of the complicating 
factors of moistening and heating. The 39*7 % of ash in the bones produced on 
immature yellow dent maize dried below 29° fell bet-ween the percentages 
obtained for the immature and ripe sweet maize. It w^as also 7 to 8 % higher 
than the figure obtained for the same sample used in the previous tests. This 
latter variation can be accounted for by such factors as difference in initial 
weight of animals and food consumption. 

These differences in calcifying properties were verified by the analyses of the 
blood-sera. Whereas all calcium values fell within the normal range, the in- 
organic phosphorus was greatly depressed. Although it was impossible to obtain 


R 61. Golden Bantam seed 

63 

47 

B 62. Gold en B antam ground 
seed moistened and dried 

62 

52 

R 63. Golden Bantam, 
vacuum pack 

62 

51 

R 64. Golden Bantam, brine 

60 

54 

R 65. White sweet maize, 
brine pack 

62 

57 

E 66. Unripe maize, air-dried 
below 29° (yellow* dent) 

61 

55' 


Average 

daily 

Blood- 

-serum 


Femurs 

food 

con- 

sump- 

tion 

analysis^' 

' Ca P ' 

Weight 
of ex- 
tracted 

IVeight 

mg./ 

mg-/ 

bone 

of ash 

g- 

100 cc. 

100 cc. 

g- 

g- 

6-6 

11-4 

2-5 

0*1138 

0*0378 

6-6 

10-8 

2-7 

0-1174 

0*0424 

6-6 

11-0 

4-3 

0*1450 

0*0653 

6'6 

11-2 

3-9 

0*1419 

0*0619 

6-6 

12-0 

4-4 

0*1620 

0*0749 

6-6 

10-S 

3-9 

0*1338 

0*0534 
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particularly accurate results at the low levels encountered, the relative distrihn. 
tioii 01 values was the same as in the data already reviewed. 

j^other confirmation of these relations was observed in the width of the 
rachitic metap^ses of the wrist bones and in the degree of involvement of the 
costochondral junctions. tue 

Since any variations in calcification might be caused by differing phosphorus 
content ot the rations, the dried maize samples were analysed for tMs element 

moi ThTtl The Association of Official Agricultural Chemists 

® of canned sweet maize were found to contain between 

3o6 and 367 mg and the immature yeUow dent maize 410 mg. From these 
differences calculations based on a daily food intake of 7 g. indicated that the 
maximura variation m total phosphorus intake over a 5 weeks’ period was 272 mo- 
It IS obvious that these phosphorus variations were not responsible for the 
observed differences in calcification since the sweet maize ratioim with the lower 
phosphorus content produced better calcified bones. 

Sweet maize at the canning stage possessed properties favourino- better 
^eletal calcification than the same maize fed as ripened seed. This is in accord 
with the previous results obtamed with immature yeUow dent field maize 




rendered in analytical work. ^ assistance 
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CCLXXXIL CEREALS AND RICKETS. 

V. THE EFFECT OF GERMINATION AND AUTOLYSIS 
ON THE RACHITOGENIC PROPERTIES OF 
THE MAIZE KERNELS 


By. VERA MAY TEMPLIN^ aot HARRY STEENBOCK. 

From the I)e 2 Mrtmen.t of Agricultural Chemistry^ University of Wisconsin^ 

liadison. 

{Received October 7tJi, 193S,) 

Interest has been centred not only on the effect of maturity on the calcifying 
properties of grains [Templin and Steenbock, 1933] but also on changes effected 
by the process of germination. Stepp [1925] observed that the substitution of 
sprouted grains for the cereal component of McCollum’s rachitogenic ration 3143 
[McCoiluin et al., 1921] did not alter its rickets-producing effect. 

Mellanby [1926] reported that the rachitogenic property of oats was not 
materially' altered by exposure to a temperature of 100° for 18 hours or by 
germination for as long as a week, but the combined application of these treat- 
ments distinctly reduced interference with bone calcification. He fimther stated 
that the same relations held for barley, making the kilned grain a comparatively 
good cereal product from the point of view of bone formation and much better 
than the original barley. 

Gy orgy and Schall [1929] extended the study of the rickets-producing 
property of seeds germmated in the dark to include wheat, barley, oats and 
beans (Puffbohnen). He used extracts of these germinated seeds prepared with a 
mixture of alcohol, ether and chloroform of such concentration that 0-1 g, of 
extract represented 1 g. of seed. No evidence of healuig was obtained when 
daily doses of 0*1 g. of extract were administered to rachitic rats over a period of 
8 to 14 days. These workers were also unsuccessful in their attempt to activate 
ergosterol by exposing it to mitogenetic rays from the roots of hyacinth bulbs. 

The observations of Schittenhelm and his co-workers stand in opposition to 
the results just reviewed. Rubner and Schittenhelm [1926] expressed interest in 
the promotion of the therapeutic use of preparations made from dried sprouts 
obtained as a by-product of barley malted in the dark. Schittenhelm and Eisler 
[1928, 1] claim to have demonstrated the presence of vitamin D in these sprouts 
by feedmg rats with an extract obtained with alcohol, light petroleum and 
chloroform. They found that 1 or 2 mg. of extract daily were sufficient to induce 
healing in 8 days. They further state that the active principle follows the 
phydosterol fraction and is sensitive to oxygen and to light. However, the in- 
completeness of the data reported as well as the inadequate use of controls make 
it difficult properly to evaluate these results. 

^ Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station, Madison. 

Quaker Oats Fellow. 
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At a later date tliese same investigators [1931, 2, 3, 4] reported more carefully 
controlled experiments strengthening their claim that aiitkachitic activity 
is present in dried barley sprouts. In prophylactic tests, when dried sprouts 
comprised 6 % of the othervdse raehitogenic ration, rickets was prevented, and 
bone with a normal ash content was formed. Their failure to do more than arrest 
further development of rickets feeding the same dried sprouts at even higher 
. levels to rachitic rats they attribute to deranged functions of the digestive tract 

occiirring in rats suffering with rickets. Analysis revealed that twice as much 
crude fibre was eliminated by the rachitic animals as by normal rats of a similar 
age. Because of this complication, they found it more satisfactory to work with 
an extract prepared with a mixture of acetone and light petroleum. Daily doses 
;i ^ of 1 mg. of the extract were sufficient to prevent or cure rickets consistently in 

; ‘ rats and further fractionation resulted in even more potent products, 

i! . ; Rubner [1930] has reported improvement in the retention of nitrogen, calcium 

and phosphorus in two patients who were given 50 g. of dried barley sprouts daily ; 
but these results were complicated by the feeding of a bone-marrow supplement. 

{ I On the basis of such findings together with other clinical data, Schittenhelm 

i I [1928] and in collaboration with Eisler [1928, 2 ; 1931, 1] has advanced the thesis 

that the formation of vitamin D is not dependent upon the presence of ergosterol 
or activation by light. They favour the point of view that it is formed during 
the process of germination, even in the dark, since they have failed to detect 
• ; ’ provitamin in the seed from which their preparations were made, 

i Our objective in the present series of studies was to determine if any altera- 

tion in the rickets-producing property of maize occurred during germination in 
the absence of light. We relied primarily upon prophylactic technique in which 
I ^ I the products tested were substituted for the cereal component of a high calcium- 

low phosphorus raehitogenic ration. A few curative tests were conducted with 
alcoholic extracts, but the data accumulated are as yet too limited to warrant 
* < . presentation. 

Experevibntal. 

Series /. In order to correlate results with those already published [Templin 
and Steenbock, 1933], the maize selected for these experiments was of the same 
J origin and was raised in the same field and harvested and stored according to the 

usual agricultural practice. 

The maize was germinated in the following manner. weighed quantity w^as 
thoroughly scrubbed with three changes of distilled water and then treated in a 
I vacuum with a 1*0 % solution of formahn for 10 minutes. After an additional 

10 minutes at atmospheric pressure the formalin was drained off, the maize was 
washed once or twice with sterile water and finally covered and allowed to soak 
I in sterile water from one and a half to six hours. Tinned or galvanised iron pans 

12 X 20 X 25 inches were used as germinators. In them was placed a thin layer of 
I clean pine shavings which was covered with twm layers of paper towelling. A 

I litre of water was poured in, the pan was wrapped with heavy manila paper and 

' , sterilised for 15 minutes in an autoclave at 15 pounds pressure. Approximately 

f 250 to 300 g. of prepared maize were then spread in a single layer between the 

'f towelling. Care was exercised to reduce contamination to a "minimum. The 

[H germiiiator was incubated at 26°. In the longer germination periods it was found 

j necessary to add more sterile water later. In 48 hours 95 % of the kernels had 

grown roots not exceeding 1 inch in length and 5 % had roots betw^een 1 and 
2 inches in length. In 95 hours only 23 % of the roots were less than 1 inch in 
length, 65 % between 1 and 3 inches, and 12 % between 3 and 4 inches. 
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At the termination of the germination period, the maize was ground in a food 
chopper. A portion was spread in granite -ware pans in a layer not over inch 
deep and dried before a fan at a temperature of 35 to 37° for 24 to 48 hours. The 
dr\" product was ball-milled for incorporation in the test ration. 

For aiitolysis a second portion of the sprouted maize was ground, and 
approximately 200 g. quantities w'ere placed immediately in 2 quart glass Jars. 
One litre of distilled water, with chloroform and toluene, was added; the cover 
was lightly closed, and the -whole was placed in an incubator for 10 days at 31°. 
The product was dried in the same manner as the germinated preparation. 
Difficulty was encountered in desiccating the autolysed corn which had been 
germinated 95 hours because enough sugars were present to form sticky lumps 
which failed to release ail moisture and toluene even when placed in a CaClQ 
desiccator provided with a circulating air current. Final desiccation was 
attained in an evacuated desiccator kept at 45°. In all it required about twm 
w^eeks to dr}^ this product sufficient^ to allow grinding in a burr mill preparatoi\y 
to incorporation in the ration. A 90 % recovery of the initial weight of the maize 
•\¥as obtained in the products of maize germinated 48 hours and an 83 % recovery 
in the case of maize germinated 95 hours. 

The dry, ball- milled maize products were substituted for the yellow^ maize in 
Ration 2965 [Steeiibock and Black, 1925] with the further addition of 4 % yeast 
known to be rich in the vitamin B complex. This was added at the expense of the 
wheat gluten fraction. 

Seven litters of rats between 24 and 27 days of age w^ere used to provide 
6 rats for each test ration. The daily food intake of each rat w^as restricted to that 
amount voluntarily taken by the rats with the lowest food consumption. The 
limiting individuals of the entire series were rats receiving the maize which had 
been sprouted 95 hours and autolysed 10 days. During the first three w^eeks 
approximately three times the requirement of vitamin A wms administered to 
each rat w^eekl}^ in the form of a crude carotene extract dissolved in corn oil. 
During the last tw^o weeks a similar ainount of vitamin i\. was fed as red palm oil. 
Data on the composition of the bones and blood were obtained as described in 
the preceding publication [Templiii and Steenbock, 1933]. 

Data. The results of this series of experiments are to be found in Table I. It 
will be noted that weight gains and food consumption were both satisfactoiy and 
uniform throughout the various groups. Distinctly the best calcification was 
obtained with the rations wiiich contained autolysed sprouted maize. Whereas 
untreated maize and maize sprouted for 48 and 95 hours respective!}" gave 
27*9, 28-4 and 29*6 % of ash, maize sprouted for 48 and 95 hours and then 
autolysed raisc^d these figures to 46-6 and 56*7 respectively. Thus the sprouting 
process altered the calcifying activity only to a very slight degree if at all, but 
when followed by aiitolysis practically normal bone was produced. Soaking the 
maize for 16 hours increased the ash content to 35-5 % , but in a later test this 
result could not be duplicated. 

Criteria other than percentage variation in bone ash confirmed the indicated 
relations. Whereas the blood- serum -calcium was normal, the inorganic phos- 
phorus w"as very low^ in all groups except the one receiving maize which had 
been sprouted 95 hours and autolysed 10 days. This group had a normal value 
of 7*8 mg. per 100 cc. The width of the rachitic metapliyses and to a lesser 
extent the enlargement of the costochondral junctions also confirmed these 
relations. 

From the results of this series of experiments it appears that maize germi- 
nated in the dark for as long as 4 days does not acquire additional antirachitic 
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Table I. Effect of germination and autolysis of maize upon calcification. 


Body weight con- 


Average 

daily Blood-seruin 
food analyses-*^ 


Femur data 


Weight 
of ex- 


Ration 

r 

Initial 

g- 

Gain 

g- 

sump- 

tion 

g- 

Ca P 

mg./lOO mg./lOO 
cc. cc. 

tracted 

bone 

g- 

Weight 
of ash 

g- 

R47. Untreated 

5T 

33 

7*0 

12-4 

2-7 

0-0976 

0-0277 

II 48. Soaked 16 hours 

56 

34 

7-0 

13'2 

4-6 

0-1094 

0-0393 

R49. Soaked and sprouted 
totalling 48 hours 

57 

38 

7-0 

13-2 

3-3 

0-1024 

0-0293 

R50. Soaked and sprouted 
totalling 48 hours, autolysed 
10 days 

56 

36 

7-0 

14-0 

4*5 

0-1307 

0-0615 

li 51. Soaked and sprouted 
totalling 95 hours 

57 

241' 

6*9t 

11-6 

2-7 

0-0900 

0-0270 

R 52. Soaked and sprouted 

57 

32 

7*0 

13*2 

7-8 

0-1751 

0-0977 


Maxi- 

mum 

width 

of 

meta- 


of ash cm. 


Junctions 

Much enlarged, angu- 
lation, double beading 

Moderately to severely 
enlarged, angulation 
and double beading in 
2 animals 

Much enlarged, angu- 
lation, double beading 

Slightly to moderately 
enlarged 


lation, double beading 


lysed 10 days 


^ Blood of animals having advanced respiratory trouble was not used, 
t 2 animals had severe respiratory trouble. 


potency. On the other hand autolysis of this germinated maize results in changes 
which materially aid calciiication. However, the eifect of heat as a complicating 
factor was not completely ruled out. 

Series II. To determine the part which heat and moisture conditions played 
in the previous series, the following group of maize rations was fed: (1) aer- 
minated 96 hours and autolysed 10 days ; (2) germinated 96 hours — stored dry at 
same temperature as (1); (3) germinated 96 hours— Tboiled—stored wet at same 
temperature as (1); (4) soaked 16 hours and dried for 24 hours; (o) ground and 
dried for 24 hours; (6) untreated. 

The maize used was a high grade yellow dent seed maize grown in Wisconsin. 
The process of germination was conducted as previously described except for 
the elimination of the soakmg before germination and the use of a larger amount 
ol maize, viz. 400 g. per pan. Germination proceeded vigorously at 31° In 
96 hours 45 % of the kernels had rootlets 3 to 5 inches in length, 45 % 1 to 2 inches 
and 10 % less than 1 inch. Autolysis W'as conducted at 31° using CHCL as an 
antiseptic. By an increase in the temperature of drying to a range of 45 to 49°, 
it was possible to shorten the time of drying of the autolysed product to 6 days 
when carried out in open pans before an electric fan. Controls for sucb heat 
treatment were provided by the following two preparations. Dried germinated 
maize was stored alongside the autolysed product both during its autolysis and 
drymg. The other control was germinated maize which had been boiled 
5 mmutes to inactivate the enzymes, then stored and dried by the methods used 
m the preparation of the autolysed product. Other groups were included in the 
senes to check the result on the effect of soaking the whole kernels and to deter- 
mine the result of heat treatment on untreated ground maize. 

The prepared samples were fed in Ration 2965 according to the technique 
described for the preceding series. During the first 13 days of feeding: the 
average daily intake of ration per rat was only 4-5 g. owing to the fact that the 
rats did not like the autolysed and boiled maize rations. Since this amomit was 
not sufiicient to maintain good growth, it was decided to replace only half of the 
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jmllow maize of tlie ration with these products for the remainder of the 5-week 
period. This necessitated a similar change in the ration of germinated maize 
which had been stored under dry conditions. Such an alteration in the dietary 
regimen resulted in a 7 to 8 g. daity intake per rat and a resumption of satisfactory 
growdli. Calculations in terms of the total ration eaten over the eiithe experi- 
mental period indicate that these prepared products comprised 49 % of the 
ingested food. 

The average results of the data obtained by the same methods emploi/ed in 
Series I are to be found in Table II. Body weight gains of 30 to 40 g. w^ere pro- 
cured on an average daily food intake of 6*0 g. Such gains w^ere comparable with 
those obtained in preceding tests. 


Table II. Effect of germination, mitolysis and heat treaiment of maize 
upon ca Icifi cation . 





Arerage 

daily 

food 

Blood-serum 

analyses 

Femur data 

A 


Maxi- 



vei-bt 

Weight 
of ex- 
tracted 
bone 


— >4 

width 

of 

nieta- 

physes Costochondral 

cm. Junctions 

Initial 

Ration g. 

Gain 

siimp- 

tion 

£ 7 . 

mg./lOO mg./lOO 
cc. ce. 

Weight 
of ash 

U’ 

0/ 

/O 

of ash 

R 72. Gemiiiiatecl 96 lioiirs 
and aiitolysed 10 diiys 

57 

30 

6-0 

13-0 

3*4 

0-1149 

0-0540 

46-8 

0-06 Slightly enlarged 

R73. Germinated 96 hours 
— stored dry at same teiii- 
peratiire as R 72 

58 

32 

6-0 

11-5 

3-0 

0-0901 

0-0265 

29-3 

0*15 Much e,nlarged with 
double beading and 
angulation 

R74. Germinated 96 hours 
— boiled, stored wet at same 
temperature as R 72 

59 

29 

5-9 

13-1 

4-0 

0-1056 

0-0419 

39-3 

0-12 Moderately to severely 
enlarged 

R 75. Soaked 16 hours, dried 
24 hours 

58 

37 

6-1 

12-2 

3-3 

0-0997 

0-0333 

33-3 

0-15 Much enlarged 

R 7 6. Ground, dried 24 hours 

59 

41 

6-1 

11-6 

3-5 

0-1070 

0-0343 

31-7 

0-14 Much enlarged 

R77. Untreated 

57 

39 

6*1 

12-6 

4-0 

0-1033 

0-0364 

35-2 

0-13 Much enlarged 


The blood-serum picture was as expected, namel}^ a normal range of calcium 
and a greatly depressed inorganic phosphorus content without sigiiiiicant 
variations among the various groups. 

As in the preceding series, the ash content of the femurs was highest for those 
rats fed on the maize .which had been germinated 96 hours and aiitolysed for 
10 days. Although the aiitolysed product had been fed at a level considerably 
lower than in the preceding series, the femurs contained 46*8 % ash. The control 
ration of the cooked maize produced femurs containing 39*3 % ash. These 
figures are respectively 17*5 % and 10*0 % higher than those obtained ivith the 
germinated maize (29*3 %) ; but only 11*6 and 4*1 % higher than values obtained 
with the untreated maize (35*2 %). Moreover when consideration is given to the 
fact that the value obtained with germinated maize is 5*9 % lower than that 
obtained with untreated maize, the significance of the difference in calcification 
produced by the cooked maize, if any, becomes questionable. On the other hand, 
the values obtained with the aiitolysed product indicate the formation of 
distinctly better calcified bone even when these relations are taken into account. 
The percentage of ash (46*8 %) obtained with the aiitolysed maize also compares 
favourably with the 56*7 % obtained in the preceding series when allowance is 
made for the difference in levels of this constituent in the two rations, 49 % in 
the former and 76 % in the latter. Sprouting of the maize per se gave no 

Bioclieni, 1933 xxvii 130 
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evidence of increasing its antirachitic activity; in fact the percentage of femur 
ash was actually lowered in this series. Such a failure to demonstrate any change 
m antirachitic activity due to the process of germination is in accord "with the 
results obtained in the earlier test. The slight increase in calcification observed 
when whole kernel maize soaked for 16 hours was fed in the preeedino- series of 
experiments was not substantiated in this series. In fact the 33-3 % ash obtained 
w^as nearly 2 /„ below that found with untreated maize. Neither did heatinc. the 
ground maize for 24 hours produce any significant alteration from the result 
obtained with the untreated maize. The percentages of ash were 31-7 and 3o-‘> « ' 
respectively. ^ /o 

^ Tiese relations, based upon a comparison of the ash content of the femurs 
were substantiated not only by the average weights of the extracted femurs and 

ranges of individual values from 
width of tf yre calculated. Confirmation was also obtained from the 

md ? r ®^red metayiyses observed in the silver nitrate staining test 
JmctLs. ' involvement of the costochondral 

Series III. Further tests of the effect of heat and moisture upon unaermi- 

aheSroliEcr'^T? TTf "f ,f interpret properly the results 

m 1 /i ^ following maize products were prepared- 

f/j (2) gromid, moistened, dried 27 hours; (3) ground inoistemed' 

iiec 10 hours; remoistened, dried 17 hours; (4) germinated 96 hoims dried 
hours; (5) germinated 96 hours, dried 10 hours; remoistened, dried 17 hours- 
(6) germinated 96 hours, dried 2 weeks. ’ 

diiT? nef ssary to determine if heat and the presence of moisture had a 

treated seed® germinated maize from that which they had on the un- 

nf ^^’fthermore, it was pos.sible that heat functioning in the presence 

moistme might have an effect different from that in the absence of nioisture 

aboit aSl “ granite-ware pans in flayS of 

used in the nrocess i- Til® conditions of drying approximated to those 

btjii 111 tiii6 procefeb oi ciesiccai tills; former iiT'enfirifmncj 4-1 /* j n/y i 

maintei,.^ 4, «)•. Moistee rflZZZeV.S 1 ™ 0“^ 

ill SroZhS. “™' ““ P*“ placet 

ot lUtto'SlK P^PaiaHou* tow fed ae the cereal portion 

placid onich fatten foTa fi?e!weSeS peS w'hShllW ™ 

tion of all rats was maintained at the 

moiatur. treatment b.loS a toSatmt of ”■* 

The untreated maiae produced ';=e«™ WJ' raohitio. 

ing and ch-vniw this sam^ m.tV. i ® ' % of ash. After moisten- 

content. The ath contents of femu^r^Xcenn'tVrmtiln ' 

nated corn subjected to 27 hours of drjnng wmeT7-l Ld 30^ contamng germi- 

of the tune of drying to 2 weeks did noftl+J fU ^ . An extension 

germinated maiz^, for the ash content of the femuir-^-tloTof 

retatroue fp.nd for Ure .eight, of e.wTtaS-fa^dlhe «Sh"Tf 
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Table III. Effect of heat treatment and germination of maize upon calcification. 


Average Femur data Maxi- 



Body uUight 

daily 

food 

con- 

smiip- 

Blood-serum 

analyses 

' Ca P ' 

Weight 
of ex- 
tracted 

Weight 


murn 

width 

of 

nieta- 

Initial Gain 

tion 

ing./lOO mg./lOO 

bone 

of ash 

0,'' 

/o 

phvses Costochondral. 

Ration 

Js* H' 

or 

cc. 

cc. 

to* 

cr. 

&• 

of ash 

cm. junctions 

R 91. Untreated 

61 44 

6-9 

13-6 

3-5 

0'1085 

0-0355 

32-7 

0-17 Much enlarged, some 
angulation and double 
beading 

R 92. Ground, moistened, 

00 43 

G-9 

12-8 

4*6 

0-1081 

0-0341 

31-5 

0-18 

dried 27 lioui's 

R 93, Ground, inoi, stoned. 

59 45 

0-9 

11-0 

4-2 

0-1095 

0-0365 

33-3 

0-18 

dried 10 lioiir.s; iviuoi.steiiiAl, 
dried 17 hour.s 

E 94. (.Terminated 90 hours, 
dried 27 hours 

01 34 

0-8 

11-0 

4-0 

0-0994 

0-0269 

27-1 

0-18 Much enlarged, severe 
angulation, triple 

beading 

E 95. Germinated 00> lumirs. 
dried 10 hours; rer:u»istt'ned 
dried 17 hours 

tj 1 3o 

0-8 


■ 

0-1001 

0-0307 

30-5 

0-19 IMucii enlarged, moder- 
ate angulation and 
some double beading 

R 90. Germinated !'>»( hours, 
dried 2 '\reeks 

59 30 

6-0 

11-6 

4-1 

0-1011 

0-0312 

30-8 

0-17 i^l uch enlarged , mod er- 
ate angulation, double 
beading 


feiiiiir asli. Confirmation of the Yei\y rachitic condition of all t.lie groups of 
animals was obtained in the low level of blood- serum -phosphorus, in the presence 
of wide racliitic nietaphyses in the wrist bones and in the nianifestations of 
severe invoiveiiient of the costochondral junctions. 

Good growth was obtained on an average food intake of 6*9 g. per rat per day. 
The foot that the average weight gains made b 3 ?- rats on the iingerminated maize 
were 9 g. greater than on the germinated maize is not, in our opinion, a com- 
plicating factor in the interpretation of the results of this series. Neither is it 
significant in itself since such a diiference was not unifoniily obtained in the 
previous tests. 

The results of this series again demonstrated that the gemiiiiation of maize 
did not alter its rachitogenie property. Furthermore the heat treatment 
incident to the process of di^yiiig the maize products was not responsible for the 
variations in caleiiicatioii observed with immature maize. 

Biscussiok. 

It is probably premature to attempt to give an explanation of the results 
obtained by Sciiitteiihelm and his eo- workers in the light of our results. Whereas 
our studies dealt with maize, the German workers fed only dried barle^y sprouts 
or extracts thereof, Mellaiiby et al. [1928; 1929] postulated that vitamin I) may 
be formed from ergosterol by the growing plant independently of ultra-violet 
radiations. Be Riiyter de Wildt and Brouwer [1932] reported that barley meal 
prepared from the entire grain contains vitaiiim B, w'hereas that prepared from 
maize does not. Proof of the above statements is not at present forthcoming 
and other possibilities can be entertauied. For instance, since calculations 
based on data reported by Taufel and Rusch [1929] indicate that the weight of 
dry barley sprouts equals less than 4 % of the weight of the barley from wMch 
they are formed, it is possible that the Schittenhelm group of workers fed more 
concentrated products than investigators who used the entire grain and sprouts 
or even extracts prepared from them. Perhaps the specific rachitogenie factor 
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referred to b,y Mellanby [1925] was retained in the grain, thus allowiiio* the 
imtrieiits in the sprouts to function without the presence of such antao’onistic 
etects; or the rachitogenic factor may have been destroyed during the prooress 
of gerinhiatioii. Again, the conversion of phosphorus coinpoimds into forms 
more available to the growing animal would not be revealed by orcliiiarv aiiaivsis 
but would have the same effect as an increase in the phosphorus of the ration 
borne of these considerations apply equaUy well to the interpretation of the 
results reported here in connection with germinated and autolysed maize 


Summary. 

Yellow maize germinated for 95 hours, with roots not exceeding 4 niches in 

length, was found as rachitogenic as ungerminated maize 

Germinated maize dried below 50° had practically the same rachitogenic 

piopeities as the maize from which it had been prepared 

» so™"****! 

_ The antirachitic effect of autotysed geminated maize was most pronounced 
ui maize which had been germinated for a long period of time ^ 

boaked whole kernels and moistened ground maize dried by the same methods 

i> . of ground maize at a temperature less than 50° did not alter 

Its rickets-producing tendency, neither did germinated maize subiected to this 
temperature for 2 weeks undergo a change in this property. 

is: 
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